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KHNPHUI ([IlokTOp/IMK AUCCEPTALUACH AHHOTALMSACH)

Juccepranusi MaB3yCHHMHI [10J3ap0juru Ba 3apypatu. JKaxoHjga siHTU
TEXHOJIOTHSUIADHUHT M3YWJI PUBOXIIAHMIINA HATHXKACUIA DJIEKTPOMArHUT MailJioH
OOLIKapyB TU3MMHMHHMHI BOCHTAJapy Ba KypuwiMalapuiaH QoinanaHuml Taniadu
KyH CallMH OpTMOKJA. XO3UPrd KyHra KeinuO, IyHE MHUKECHIA Xap MWW uuiad
YHKApUIaETral JICKTP SHEPTHsICHHHUHT 2-3 domsu (4,7 —7,1-10"kBr-coar) OKOBa
Ba WYMMJIMK CYBUHU TO3aJlall, 3apapCU3JIaHTUPHUIL  Ba TY3CH3JIAHTHUPHIL
xapaéauna caphIaHMOKIA.

Jlynéna MaBxxyJ CyB pecypciapuiaH OKWIOHA (poWJaNaHuIl, WIUMIIMK CYBH,
XY’KaJIuK, MaulIMii Ba CAaHOAT CyBM OKOBAa UMKUHAWIAPUHU KalTa uIuU1ad
cu(daTUHU OUIMPHIL, CYBHU TO3aJall Ba 3apapCHU3IAHTHPUII TEXHOJOTUsIIAPUHU
TaKOMWUIAIITUPUII Macajaiapu J1013apd Myammora aljaHiau. XO3Uprd BakT/a
nyHéna 35 ¢owusra sKMH OKOBAa Ba MUMMIIMK CYBHHM TO3ajalll, 3apapCU3IaHTHPHUILL
Ba Ty3CH3JIaHTUpUII 3apypatu MaBxyd. CyB pecypciapuiaH OKHIOHA
doiinananuil, UYUMIIMK CyBH, MaulIMi Ba CAHOAT CyBUM OKOBA UYMKUHAWJIAPUHU
KaiiTa uinuiam cu(aTuHu OLIKMPUII, CYBHU TO3aJall Ba 3apapCU3JIaHTUPUII TEXHUK
BOCUTa Ba TEXHOJIOTHSUIAPUHHM  TaKOMWUIAIITUPHUIIL OYyinya KOMIUIEKC YOopa-
TagOMpIapHU amMajra OLIMPHIN YCTyBOp Bazuda xucobOnaHaau. CyBHM To3anail
Ba 3apapCHU3JIaHTUPHUIL TEXHOJOTUSIAPUHUHT aCOCUI MacallajapuiaH OMpHu CyBHU
3apapCU3NaHTUPHILN,  To3ajall  Ba  Ty3CU3NaHTuUpHinga  Qodganu  uil
Kod(hpuUIMeHTH, camapaJopiurd Karra Ba WIUIANI WITOHWIMINIUA FOKOPH Xamja
DHEpPrusl TEeKaMKOp OYiraH TEXHOJOTHSUIAPHHM SIPaTUIl MYXUM axaMusiT KacO
ATaIN.

[y cabGabmu CyBHM aHbaHaBUUN pPEAreHTIN TO3ajalll Ba 3apapCU3JIaHTUPUII
ycnyOu Kym XxapaxkaTid Ba Iy OwiaH Oupra kam camapanud Oynu0, yHIa CyB
eTapiu Japaxkaja TO3aJIaHMalIM Ba 3apapCU3IaHTUPWIMAAM XaMJa OKOpPHU
WIIOHWIWJIMK Ba WKTUCOJIMU CaMapaJOpiuKHHU TabMHUHJIaMainu. Kentupunran
XOoJaTiapJaH KeauOd 4YuKHO, OKOpPU MIIOHWIMIMKIa 3ra OynaraH »Heprus
TeKaMKOp, IOKOpU camapaiau, yHuBepcan Oynran ymymuidl (da3oBuii
AIEKTPOMArHUT Mai0OH OOLIKAPYBU THU3UMWIM KypWIMaJApHU WIUIA0 YUKHILL,
VHUHT acocujila CyBHU TO3ajalll, 3apapCU3IaHTUPHUII, TY3CH3JIAaHTHPHUII Ba
IOMILIATUII J0J3ap0 Macasia XucoOJaHaIu.

Ymlby acHoja, WIMHH acoclaHraH CyBHH DJJIGKTPOMAarHUT MaiaoH/a
peareHTCH3 yciayOia To3aiall, 3apapCU3JIaHTUPHUII Ba TY3CH3JIAHTHUPHUILI Y4yH,
yMyMuid (pa30BHil 3IEKTPOMArHUT MaiJOH OOLIKApYBH TU3HUMHHHUHI HUMITYJIbCIH
Ba YIOPDMaJIH OJJIEKTP, 3JIEKTPOMAarHuUT, MAarHAT Ba TPABUTALMOH MAaMJOHIIH,
ailllaHyBYaH KypUIMaJIapuHU HWIUIA0 YHKUII, MyKaMMaJUTAIITHPHUIL aJO0XH]a
axaMHAT KacO 3Tajiu.

V36ekncron Pecry6nukacy Basupnap Maxxamacunuur 2003 jimn 21 mongary
320-con «CyB XyXanUrvuHA OOMIKAPUIIHMU TAIIKWI 3TUIIHUA TaKOMHWJLIAIITHPHUII
tyrpucuaa» Ba 2004 vun 14 anpenmaru 183-con «CyB pecypcnapuiaH OKUJIOHA
doiimananui TYFpUCUAANTH Kapopiapuaa OenruiaHrad BasudaiiapHu MyailsiH
Japaxkaja amaira OolMpHUIAa Ma3Kyp AUCCepTalUs TAAKUKOTH XU3MAT KUJIA/IH.


http://www.lex.uz/pages/getpage.aspx?lact_id=245506

TagKUKOTHUHT pecny0/MKa (paH Ba TEXHOJOTHSUIAPH PUBOKJIAHUIIM-
HUHI YCTYBOp #yHaJumuiapura Ooraukiauru. Maskyp auccepraius
pecnybnuka ¢dan Ba TexHosorusuiap puBoxtanumuHuHr [1T1T1-3 — «OHepreruka,
DHEPTHUS Ba PECYPC TEKAMKOPIIHK, TPAHCIIOPT, MAIlIMHA Ba aCO00CO3TUK» YCTYyBOP
HyHanMImra Moc paBuia 0akapuiraH.

JAuccepTanMsiIHUHT MaB3yCcH OyiiM4a XOPW:KMH WIMHH-TAAKHKOTJIAp
mapxu. CyBHM ToO3ajalml Ba 3apapCU3JIaHTUPUIL Y4YyH OOLIKAPYB THU3UM
3aMOHAaBUM AJIEMEHTJApU Ba KypuJIMaJlapuHU WNLTA0 4YuKuil Oyiinya Hazapuil Ba
aMaJui TAIKUKOTIIAp KAXOHHU €TaKYl MaMJIaKaTJIapUHUHT WIMUKA MapKas3Jiapy Ba
yHUBepcuTeTIapuaa, kymiamgad, Scientifically research university General
Elektrik, Indiana Water Resources Research Center, Sea Tech .Inc, Watts Water
Technologies. Inc (AKIII), Company of Chint (Xwuroit), Company of SALHER,
GE Automation (I'epmanust), Centre of science Mitshubishi (OKany6uit Kopes),
Centre of science HAWK (byrok6puranus), OOO «AxkBadop-Tpetiauary, Byreni
epro (Poccuss Denmepamusacu), Corporation of Honeywell, Wonderwage
(Hunepnanaus), MOXABB (/lanus) Ba 6omka Mamiiakatiapja caMapaid WiIMHA
U3JIaHuIUIap 00 OOPMIIMOKA Ba HaTHXKAJIap aMalIuETra sKOpUH KMIIMHMOK/1a.

DJIEKTPOMArHUT MalJoH OOMIKApYyBHM THU3UMHUHUHT KypwiManapu €paamuia
CYBHHU 3apapCU3JIAHTUPHUIL Ba TO3AJAITHUHT TEXHUK BOCUTA Ba TEXHOJIOTUSJIAPUHU
spaTuill OVinYa SKUH Wruiapjaard oJind OOpuIiIraH >KyMmilaJiaH: Xy >KaJIMK, MauIIHM
Ba CAaHOAT OKOBA CYBJIAPMHHM apMaTypajaHraH IIHIIA [MOJIUMEpIaph, MEXaHHK
MaH)kapa, TUHIUPIUY, CENTUKIAp Ba HUXYaMJIAIITUPWITaH CTaHUUS OpKaJIu
to3anam Kypuimanapu uiniad uumkuiarad (Company of SALHER, T'epmanus);
WYUMIIFK CYBIIApUHU (QUIBTPIIAIIAA HA30PATIOBYHM MUKPOIIPOIIECCOPIN OOLIKAPYB
TU3UMU, ANEKTP y3rapTuprudiapu Ba MarHuT napaMeTpjaapuHu
TaKOMWUIAIITUPHUIIT TeXHoJorusuiapu Takinud stunrad (Poca mentp, Poccus
®denepanmsicu, OAO «Kousepcusi», Hanus; MOXABB, Poccus ®@enepanusicn);
CyB Ta@bMUHOTU OYyiiMya KOpXOHAa Ba KOMMYHAJl TallIKWJIOTJIAp OKOBa CyBJIApUHU
yibTpabuHadIa Hypjap TEXHOJOTHSACH acocuja To3adall TU3UMHU SpaTUIraH
(Byreni epro, Poccus denepanusicu); KOMMyHal OKOBa CYBJIApHMHHA OOCKHYMA-
OOCKMY TO3aJalll TEXHOJIOTHSICM Ba CYFOPHUIN MIUIAPUAA KYJUIAIIHUHT SIHTH
yeysutapu unniad unkmirad (Indiana Water Resources Research Center, AKIII).

YMymuii  (a3oBuil  JIEKTPOMArHUT MaiJoH OOIIKAPYBU  TU3UMHHHUHT
KypWIMacH OpKaIM TYFPUAAH-TYFpU KyBypiiapAaH yTa€TraH CyB OKHUMHHH OUp
BaKT/Ia TO3aJalll Ba 3apapCU3IaHTUPHIN OWIIaH OMpra YHIAru 3apapiu OakTepus Ba
BUpYyCIapJaH To3anam Oyinya xamaa XyXKaJluK, Maullldid, caHoaT Ba KOMMYHal
CYBJIApHU, TO3aJallJlaTd YCTYBOp WyHAJIWNUIApAa WIMHANA TaIKUKOTIAp OJUO
OOpUIMOK/TA.

MyaMMOHMHI ypraHwJratHjiuk aapazkacu. OKoBa Ba WYUMIIMK CYyBJIapUHU
TO3aJlalll, 3apapCU3IaHTUPHUII Ba TY3CU3JAHTUPHUII TEXHUK BOCUTaJIapu Ba
TEXHOJIOTUSJIAPU DSHEPreTUK CaMapaJopJUTrMHU OIIUMPUIl YCYJUIApUHU HIILIA0
YUKUIITa OaFruIUIaHTaH CYHITH HWWJUIapAard WIMHAKH-TEXHUK ala0ueTnap TaxJmiu
ymly coxaja axaMusTIM Japaxajard Ha3zapuid Ba aMaldil HaTwkaizapra
SPUILUITAaHUAAH J1a0JaT Oepaau.



OkoBa Ba WYMMIMK CYyBJIAQpPUHU TO3ajall, 3apapCHU3JIaHTHUPHUII  Ba
TY3CU3JAHTUPHUII  TEXHUK BOCUTaJapd Ba  TEXHOJOTUSUIAPU  SHEPreTHK
caMapaJiOpJIMTUHA  OIIMPHUIL Ba DHEPrus  TEXKAMKOPJIUK  MyaMMmoJiapura
OaFuIlIaHTaH KYI COHJIM WIMHN HIIIap 9BJIOH KuiauHrad. JlyHEéHuHr Oapua
PUBOXKJIAaHTaH MamJlakaTiapuja OKOBa Ba MYMMIIMK CyBJIapUMHHM TO3ajall,
3apapCU3IAHTUPUIL Ba TY3CHU3JIAHTUPUIIHUHT JIIEKTPOXUMHUK, YIbTPATOBYILIH,
MUC MOHJIApU OPKaIM, OAJIEKTPOJU3IHU, 3BJIEKTPOQPIIOTALMOH, 3JIEKTpodopesnu,
AIEKTPOAryJIALMSIIM, YIBTPAKUCKA TYJIKMHIM TOK OpKaJIM TO3ajall yCyJulapu Ba
TEXHOJIOTHUSIApU MIUIA0 YMKWIMOKIA Ba aMalduETra »opuil KWIMHMOKAA. by
coxaJard TypJd HAa3apuyd Ba aMaldid Macajajgapra Kyl COHJIM HWJIMHUH
MoHorpadwusnap, Tymiamiaap Ba Makoianap Oarunuianrad. by coxamaru
MyaMMOJIapHU XaJI KWIHIIJA Typid MamilakaTiaap OJUMIIAPUHUHT, >KyMJIaJaH:
Taniewska-Osinska  Stefania, Palecz  Bartlomiej,  Anthony  J.Whetltr,
Kanarev.Ph.M, I0.I1. Paccagkun, B.B. Cunopenkos, M.B. bo6wips, B.C. Turos,
C.I'. EMunbsinoB, A.A. IllessikoB, P.B. SkeBneBa, M.A. Kanses, B.B. KopoOkuH,
A.Il. KyxopeHKo Ba OOIIKaJTapHUHT UIUIApUAA KYprUO YMKUITaH.

IOxopuna kentupuiaran MacajnajiapHu eduil Oopacuaa 4eT anjard Kalu
OM3HUHT MaMJIaKaTIa XaM aJloXHUaa TaJKUKOT UILJIapu 0Jud OOpHIIraH, sKyMJiaJaH:
A.P. Pamxabos, M.W. MoparumoB, A.C. bepauiieB Ba 0omika y30ek oJvMiIapu
TOMOHHMJIAaH €p OCTHM HMUYMMIIMK CyBUTa SJEKTP Ba MarHUT TabCUPUHHU KYJu1ald
KUIUIOK axOojdu MyHKTJIApU YYyH CYBHU TO3QJIalll, 3apapCHU3JIaHTUPUII Ba
TY3CU3JIAHTUPHUII TEXHOJIOTHSUIADUHU  sipaTuill  OYiWWYa TagKUKOTIap OJHO
Oopwiran. AkcapusT TaAKAKOTIAp Ba WIUIaHMaiap ¢akar yJIapHUHT Oup
KUCMUHUTHHA KaMpab onraH Oynu0, JJIEKTpOMarHUT MalgoH OOIIKapyBU
TU3UMUHUHT caMapaid YCyJJIapUHU SPATHIIHUHT aHUK YCIyOusTu cudartuaa
XU3MaT KAJia OJIManu.

JlexvH, OKOBa Ba YHMKWUHIU CYBJIapHH YMyMUW (a3z0BUN 3JIEKTPOMArHUT
MaiJoH €praMHia TO3ajall Ba 3apapCHU3IaHTHUPHUIL TEXHOJIOTHSUIAPU Ba TEXHHK
BOCUTAJIAPUHU ApaTULI, XyCyCaH, YMyMHUH (Da30BHIl 3JIEKTPOMArHUT MaioH
OOLIKapyBU TU3UMHUHUHI KypWIMallapyu OpKaldu CyBra peareHTCHU3 MIUIOB Oepull
acocuaa YHU  TO3QJIalll,  3apapCU3JaHTUPUII  Ba  Ty3CH3JAHTUPHULI
camMapaJiopJIMTUHU OIIMpHUIIl OVinuYa KyImuMya WIMHN W3JIaHULUIap oaud Oopull
Tajiad dTUJIAIH.

[ynunraex, onub® Oopuna€TraH TU3UMIM TaxXJWUIAp, WIMUANW-TEXHUK
M3JIAHUIIIAp CYBHU TO3aJIalll, 3apapPCU3IAHTUPHUII Ba TY3CU3JIAHTUPHUILJIA YMYyMUN
¢dazo0Buil ANEKTPOMATHUT MailoH OOIIKapyB TH3UMUHU Kyiinad, OKOoBa Ba
WYUMIIMK ~ CYBJIADUHU  IOKOpU JSHEProTE)KAMKOPJIUK, IyXTaJIUK, KaTTa
camapaJiopJiuK OWJIaH UILIOB Oepuira OaFuIIaHTaH WIMUN W3JIaHUILIAP JESIpIH
onnb GopuIMaras.

JAuccepranmsi MAaB3yCHHMHT JUCCEPTANUA 0AKAPWIAETIaH OJIUI TABJIUM
MYacCaCACHHMHI WIMMH-TAAKUKOT HILIAPHU OMyIaH OOFraMKIuru. luccepranus
TaIKUKOTA TOIIKEHT TeMHp HYJI MyXAaHAUCIAPU HHCTUTYTH WIMHH-TAAKUKOT
UIUIapu OuiaH OOFIMKINTY KyWHIaru amalui ToMnxanapa akc dTTUpHiIrad: 86-
COH «DNEeKTpOMAarHuT MaijoH €pJaMuja CYBHH 3apapCH3TAHTHPHUILI KOMILUIEKC
tusumm»  (2004-2006 iiit.), 98- con «CyBHU 3JEKTPOMAarHUT MaiioH Epaamuiaa
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3apapCU3IaHTUPHUII KOMIUIEKC TH3MMH CaHOaT HamMyHacuHH Taiépiamn (2007-
2008 i1it.

TaaKMKOTHUHT MaKcaau yMyMud (a30BUN DIESKTPOMATHUT MAaWOH
OOIKapyBM THU3UMHU €pAamMuJa OKOBAa Ba MYMMIIMK CYyBJIapHMHH TO3aJIalll,
3apapCU3IaHTUPHUIL, TYy3CU3JIAHTUPUII KypUIMalapuHU SpaTUlIIad uoopar.

benrunanran Makcajara SpHUIIMII YYyH KyWUAard TaAKUKOT Basudaaapu
KyUUIraH:

OKOBa Ba HYMMIIMK CYyBJIAPMHU TO3ajall, 3apapCU3JIaHTHpHUII  Ba
TY3CU3JAHTUPUII KYpWIMACHJArM Kyd MMIIYyJIbCIM TH3UMJIap Ba OOLIKapyB
TU3UMHU KypHIMalapyuHU UILIa0 YUKHUILI,

ymMmymuil (pa3oBuil 3JIEKTPOMArHUT MaiJoH OOMIKAPYB THU3MMH KypHJIMAcH
UIITUPOKHJA OKOBAa BAa WYMMIIMK CYBJIADMHM TO3ajJall Ba 3apapCU3JIaHTUPHUIL
YCKYHACUHUHT SIHT'YM KOHCTPYKIUSACHHHU SIPATHUILL,

ymMyMud  ¢$a3oBUH  3JIEKTPOMAarHUT  MaijoH  OOmIKapyB  TH3UMHU
KypHIMaJdapyuHU TaI0OUK ITHIL,

yMyMuil (a30BHIl 3JEKTPOMArHUT MaiIOH OOLIKApyB THU3UMHUHUHI MXPO
AIIEMEHTIIAPU Ky3FaTyBUH YyJIFaMIIAPU [TAPAMETPIAPUHNA aHUKJIAIT,

yMyMHuil (a30BUK 3JIEKTPOMArHUT MailioH OOLIKAPYB THU3UMHHHHI aCOCHM
TaCHU(IapU KUECUI TaxX IMIIMHU aMaJira OIIKPHILL;

TanKnKOTHHHr 00BbeKTH cudartuza yMyMuid (a3oBH SJIEKTPOMArHUT
MaiI0H OOIIKapyB TU3UMU KypUJIMaJIapy OJIMHIaH.

TaaKUKOTHUHT mpeaMeTH YMyMuil (a3oBUN DIEKTPOMArHUT MaJI0H
OomKapyB THU3MMM KypWIMajlapuJaru 3JEKTPOMarHuT apa€Hiaap, OKOBa Ba
WYUMIIMK  CYyBJApUHU TO3aJalll, 3apapCU3IAHTUPUII Ba  TY3CH3JIAHTHPHUIL
KypWIMaJIapyuAard Ky4 UMITyJIbCIIM TU3UMJIIAP XUCOOJIaHaIu.

TagkuKoTHUHI ycyuiapu. TagkukoT kapa€Huga 2JJEKTp Ba MarHuT
3aHXKUpJap Ha3apusCH, TEXHUK TU3UMJIApAA UIIOHWIMIIMK Ha3apuscH, OOLIKApyB
TU3UMJIADUHUHT TYPFYHJIMK Ha3apusCH, SKCIHEPUMEHTA TAAKUKOT YCyJUIapH,
MaTeMaTUK CTaTUCTUKA YCYyJUIapu KyJUIaHWITaH. bomKapyB TU3WMIIAPUHUHT
cXeMajapH, YHJAru 3JEKTPOMATHUT >Kapa¢Hiap Ba TU3UMIAP HWIIOHYWIMIUTHUHU
taakuk ~ otumga  Electronics Workbench  Ba  C++Builder  mactypuii
MaxcyJoTiIapAaH (oiianaHuIraH.

TanKNKOTHUHT WJIMUH SIHTWINTH KylHuaaruiapaad ubopar:

CYBHM  HUMIIYJbCIM  DJEKTPOMArHUT  MaWIoH  €paaMuaa  TO3ajall,
3apapCHU3IAHTUPULI Ba TY3CH3JIAHTUPHUII YCKyHAaCH YYyH THPHUCTOPJIM YacToTa
y3raptuprud OOIIKapyB TU3UMUHUHT KOHCTPYKTHB CXE€Majapu Ba KypuiMalapH
APaTHJITaH;

WIK OOp CYBHM peareHTCH3, yMyMHi (a3oBUN 3JIEKTPOMArHUT MailoH
épramuza To3auall, 3apapCHU3IaHTUPULI Ba TY3CU3JIAHTUPMIN FOMIIATHIN Y4YyH
KypuIMaJiap sipaTHJIraH;

UMITYJIbCIIA OYiama 3JIEKTPOMAarHUT MaiJOH, UMIYJIbCIU 3JEKTP MaHIOH,
alJlaHyBYM DJICKTPOMArHUT Ba T'PaBHUTALMSA MaNUJOHJIAPHU y3apO TAbCHUPJIAIIYBUYU
yMyMu#l ()a30BHIl 3JIEKTPOMArHUT MalJOH XOCWJI KWJIMII MYMKHHJIMTH Ha3apuiu
aCOCJIAHTaH,;



WIK 0Op CYBHM TO3aJialll, 3apapCU3JIaHTUPHUII Ba TY3CHU3JIAHTHUPHUILI YCKYHACU
yuyH OViimama Ba KYHAAQJIAHT KY3FaTWIN 4YyJFamjapura sra OyiraH yMyMUn
(da30BHil DIIEKTPOMArHUT MaWJOH OOIIKAPYBU THU3MMH KypHJIMaJapy UIIIa0
YUKWJITaH;

CyBHHM TO3QJIAII, 33apapCU3JIAHTUPUII Ba TY3CU3JIAHTUPHII YCKYHACH YUYyH
UMITYJIbCIIA 3E€KTPOMATrHUT MaiIOH Y4 (pa3zanu OOUIKapyB TU3UMHU SApPATUIITaH;

TagKNKOTHUHT aMaJIMil HATHXKACH KyWuaaruiapjaaH noopar:

spaTWIrad yMmyMui (a3oBHil 2JIEKTPOMArHUT MailIoH OOIIKapyB TUSUMUHUHT
3aMOHAaBUM  KypWJIMaJlapuHU  CyBHHM  TO3ajlalll,  3apapCU3JIaHTHpUIL  Ba
TY3CHU3JIAaHTUPHUII YCKyHATapUIa KYJUTAHWIMIIN HATHKACUAa CyBra MIILIOB OepHIll
camapaJiopJiuird Ba unuiam myanata 2 Oapobap, umonwiuiauru 1,4 GapoOap,
doitnanu um kodpdunuentunn 20 Gousra opTram;

yMyMu#l ($a3oBUil IIEKTPOMATHUT MaWJOH OOIIKApyB THU3UMHUHU KarTa
doitmamun  wm  KodQPUIMEHTIM Ba MyXTATWIMKra 23ra OyiaraH MaBxXy.l
TU3UMIIApAaru KaMYWINKIapAaH X0JIn oynran CYyBHH TO3aJIalll,
3apapCU3JaHTUPHIL Ba TY3CHU3JIAHTHpULIAA Takiau( HSTUIraH TEXHOJIOrusaaa
cyBaaru peHosiHu KoHIeHTpauucuau 70 ¢pousra, OeHzonupuHHu 96 powusra, HepT
MaxcysioTiapuan 40 ¢owusra, CyBHH 3apapCU3JIaHTUPHILIA KOJIU-UHAEKCH 99
¢dousra Ba yMmymuit MUKpoOiap coHuHu 97 dousra kaMauTUpUIITaH;

yMmymuil (a3oBHI 3JEKTPOMArHUT MaiJoH OOLIKapyB THU3UMHU YUyH OXHCTa
MacaloBUM, OXMPrd KHUCMHUJA KECKUH TacaloBUM XapaKTEepHUCTHKara ira OYyiraH
KHCKa TYTalllyB MaKCHUMaJl TOKMA OWJIaH yerapajaHraH acocuil MaHOa sipaTHiIraH;

CYBHU PEAreHTCH3 TYy3CU3JIAHTHPYBYHU y4 (azalid UMITYJIbCIN IIEKTPOMATHUT
OOIIKapyB THU3UMHJIAa CyBra HWIUIOB OEpHIla caMapaJOpJIMTUHUA OIIUPYBYH
KypuiMa SpaTUuiIraH.

yMyMuii (a30BUN 3IIEKTPOMATHUT MalI0H OOIIKApYBH TU3UMH KypHIMaiapu
SHI palMOHAJ CXEMAaJApWHU TAaHJIAlAa TYypiau XWI OMUJUIAp TAbCUPUHU XUCOOra
OJlyBYM TAaKOMWJUUTAIUTUPWITAH MAaTEMAaTHK MOJEIM HWUUIad YMKWITaH Xam[a
OOLIKAPYB TU3UMJIAPU UILIOHWIMIMTMHU XUCOOJIAIll alrOPUTMH TAKIU( KAJTUHTaH.

TaagKMKOT HATHKAJIAPUHUHT MITOHYWIWJIMIH JJIEKTP Ba MAarHUT 3aHXKUpJap
Ha3apusaCcu XaMJa  TEXHUK TU3MMIIAPJIa HWIIOHWIWIMK HAa3apUsCUHUHT MOC
Oynumiapu acocuja uNUIA0 YMKWITaH aJeKBaT MaTeMaTUK Mojeliapra
acocllaHTaH 3aMOHaBUW  TAJAKUKOT  METOJUIApUHM  KYJUIAHWIWIIK  OujiaH
TabMuHJaHTaH. JlaGopaTopus Ba unuIad YWKApUIN MIAPOWTIAPUAA OJMHTaH
Taxpuba Ba XMCOO MabIyMOTIAPUHUHT KHECHM TaxJ MM Ba YJIApHUHT ¥3apo
MOCJIUTHY TAAKUKOT HATUKATapUHU UITOHWIMIIUTUHU TaCIUKIalIu.

TagKUKOT HATHKAJIAPDUHUHI WJIMHHA Ba amMajuil axamMusiTH. TaJKukoTaa
OJIMHTaH HATIKAJAPHUHT WIMHH axaMuUATH yMyMHH (Pa30BUN 3JIEKTPOMArHUT
MalJOHra acoclaHTaH HazapusagaH (QoiiganaHud, HOYMBHKINK MEXaHHUK
DKBUBAJICHTH MaWJIOH DHEprusicura OOFIMK OYnAraH CyBHH  TO3aJall,
3apapCU3IaHTUPUII Ba TY3CH3JIAHTUPHUII TaBCUS STWITAHJIWIH, TAaKIu( STUITaH
MEXaHUK IKBUBAJICHTHUHI MaWIOH SHEPrusicura OOFIUKINTUIAH MablyM OyiraH
Oapua y3apo (PIEKTPOMArHMUT, TpPaBHUTALMs, Ky4lId Ba Ky4dCH3) TabCUPJIAPHU
xucoOnam  KypCcaTWITaHJIWTK, YMyMUH (a30oBUN  3IEKTPOMATHUT  MaiI0H
OOLIKApYyB TU3MMH YYyH TOK MaHOauW cCXeMacu TakIu( HTHITAHIUTH, KUYHK
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TOKJapaa yMyMud (a3oBUM HIEKTPOMATHUT MalJIOH KaMarOBYM KYPUHUIITA
SraJIiTd, TOKHU OPTHUIIMJAA 3Ca KypwiIMaJarn KyWwIaHWIl [Oacaluiiu
AHUKJIAHTAHJINTH, YMYMHA (a30BUM DJICKTPOMATHUT MaJI0H OomrkapyB
TU3UMUHUHT $SICCH KaMalOBUM TacHU(ra OSrajurd, OXUPTd KHUCMH TE3KOp
KAMalOBUMJIM KHCKA TYTallyBJIM MAaKCHMall TOKHM YerapajioBud acOCUH TOK
MaHOau aHUKJIAHTAHJIMTH Ba ACOCIAHTAHJIWTH, YMyMUH (Pa30BHM 3IEKTPOMATHUT
MaiJIOH MIUIAIIM YYyH yTa 3apyp OYiAran MybTaAusl KyWIAHHIILIM BOJIbT-aMIlep
TaCHU(Y KUCMU aHUKJIAHTAaHJIUTUJIaH nOopar.

Juccepranysl HATXKAUIADUHUHT aMaJIMM  aXxaMHSITH SpAaTWITaH yMyMUUA
($ha30BHil AIMEKTPOMArHUT MAMIOH OOIIKAPYB TU3UMH KypHJIMAacH €plaMujia CyBHH
TO3aJIalll, 3apapCU3AHTUPUII Ba TY3CHU3JIIAHTUPHUII YUYyH KYJUIAHWIHMILIH
HaTHXKacuJa TEXHOJOTUK d>kapaéHra capd OVymamuran osmiektp 3Heprusicu 10
O0apobaprava kamaivinmm xamaa unuiam umoHwimaurn 40 dousra Ba doitnanu
um  kodddurmentn 20 dowmsra oprtumm OwiaH w30XJaHAAW. bymapHUHT
HaTWKacuJa AacoCHi TEXHUK IapaMeTpiiapy OpTagd Ba MabiIyM MHKTOpJIa
UKTUCOAMM camapa Oepaiu.

TagkuKoT HATHXKATAPUHUHT KOPUHA KWIMHMIIM. WIMUA-TaaKUKOT
HaTWXKaJIapy acocuaa Muuiad YMKUITaH yMyMuid (pa3oBUil 3JIEKTPOMArHuT MailioH
OOLIKapyB TU3MMHM KypWJIMachd TEeMHUp WYl THU3UMHU Ba OOIlKa KOpXOoHaiapja
aManuéTra SKopuil KwiMHraH («Y36eKHCTOH TeMHp HYIIapu» aKIMSIOPINK
xaMusiTUHUHT 2015 ¥imn 15 nexabpmarm HI/3893-15- coH MabiyMOTHOMACH).
Aparunran ymymui ¢$a3oBHil 3JIEKTPOMArHUT MaioH OOIIKapyB TH3UMU
KypuiMacu  KYJUIAaHWIMIIM ~ CyBHM  TO3ajall,  3apapCU3IaHTUPUIN  Ba
TY3CU3JIAHTUPHUIIT TEXHOJIOTHACH wimoHwmnuran 1,4 GapoOapra, doiimanu umr
koddurmenTn 20 ¢onsra Ba HILIAIT MyAIaTUHA UKKH Oapodapra OMIMPUITUIITNTA
SpULIINAOG, MMJUTMK UKTUCOAUI camapa 67 MITH. CYMHU TallIKUJI 3TTaH.

TagKuKOT HATHKAJAPUHUHI anpolamusicu. JluccepTansaHUHT acocHuil
Ha3apuil Ba amMalaui KMUXATJIapu KyWHJard Xajkapo Ba MWUIMKA CEMHUHapiap Ba
KoH(pepeHuusanapaa Myxokama KuwiuHran: «WuuHoBaums — 2012, 2014y,
(Tomkent,2012i1,2014i1); «3amonaBuii Oockuyma TpaHCCHOHWUHT PHBOMKIIAHUIII
WHHABAIMOH oMuuTapu», CuOup namiat Temup iyn yauepcuretd (HoBocuOupcek,
2012i1); Seventh World Conference on Intelligent Systems for Industrial
Automation — WCIS - 2012, WCIS — 2014, b — Quad rat Verlag. — (Tashkent ,
2012, 2014); “3amonaBuii ayoka Bocurtajapu’, (MwuHCk, benopyccus
Pecniyonmukacu 2013); “3amoHaBHWiA TEXHWKAa Ba TEXHOJOTHUSJIAPHHUHT aKTyall
macananapu”’, Poccus Pepepanmscu (JIunenk, 2013r, 2015r); xankapo HIMHIi-
TexHuK KoH(epenuusiapaa (Kues,2015).

TaagKNKOT HATHKAJTAPUMHUHT IbJIOH KWJIMHUIIMU. [lucceprauus MaB3ycu
oyiinua 40 Ta uaMUN U, Kymiaaad, 1 Ta MoHOrpadus, WIMHA KypHauiapaa 19
Ta WIMHI MaKoia, myHaaH 16 Ta MAUMA UIMUN KypHAUIapaa, 3 Ta XOPYIKHUMA
KypHaJIap/ia, NIYHUHTACK, XalKapo Ba MWUIMH WIMHA KOHEpeHIusIap
MaTtepuaiapy Tyramiapuaa 21 ta Mmabpy3a T€3UCIapy IBJIOH KUJIMHTaH.

JluccepranMsIHUHT Xa:KMM Ba Ty3uJaumM. {uccepranus kupuil, oem 000,
XyJioca, (horiganmanuaran amaduétinap pyixaru, 192 caxudamgan nbopar mats, 60
Ta pacm, 9 Ta j)kaJBajl Ba WioBaJapAaH uOopar.
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JTUCCEPTALIUSIHUHT ACOCUIA MA3ZMYHHU

Kupum xucmuma amccepranus MaB3yCHHUHT JOJI3apONTA Ba 3apypUSITH
acocjaHraH, TAJAKUKOT Makcaaud Ba Basu(amapu, OOBEKTH Ba MpeAMETIapu
HIaKJUTAHTUPWIITAH, peciyOinka (paH Ba TEXHOJIOTHUSIAP TAPAKKUETUHUHT YCTYBOP
WyHamuIUIapura MOCIWTUA KypcaTWIraH, TaJAKUKOTHUHT WJIMUM SHTHJINTH Ba
amManuil Hatwxkanapu Oa€H HTWIraH, OJIMHTAH HATHXKAJIAPHUHT WUIOHYWIMJIMIY
acocJlaHTaH, yJIApHUHT Ha3apuil Ba aMalluii axamMHUsATH 04uO Oepuiras, TaAKUKOT
HATMKAIAPUHUHT aMaluérra KOpUW KWJIMII XOJaTH, HWIIHUHT amnpoOanus
HATWXKAJNAapH, YbJIOH KWIMHTAH WILIAP Ba JUCCEPTALMSIHUHT TY3WIUIIM OYiinua
MabJIyMOTJIap KEATUPHUIITaH.

HucceprauustHuar  OupuHdn  600M  «AMIyJabead  3J1€eKTPOMATHUT
MaHIOH/IM OOMIKAPYB THU3UMHUHH TAXJIHJIM»Aa MaBXKyl OViIraH WMITYJIbCIA
AJIEKTPOMArHUT MalJOHW OOIIKApyB TU3UMU KypWIMalIapyUHU TaXJUIU acocujia
yMyMUi ($a30BUIl ANEKTPOMArHUT MaWJOH  OOLIKapyB TH3UMHU OakapyBuH
AIIEMEHTH KypWIMACH XAKWa YMyMHUN TyIIyHYa Macajlalapy ypraHuiIra.

CylOKIUMKIapHM Ba CYIOKIMK OKYyBYM MAaxCyJOTJIAPHU  WMILYJIbCIIU
AJIEKTPOMArHUTIM WIUIOB Oepuilijla CyB 03 MHUKIOpAa To3ajdaHaau, HILU1ad
YUKAPUIII MUKJIOPH XaM KaM OYiu0, sHeprust HucOuii capdu karrta 6yaaau.

CyBHHU To3anamn MaBxXKyJ yciayOjapu Ba KypuiIMalapuHU KHECH TakKociao,
TaxJIMJI KUIKMO, CyBra WIUIOB Oepuilja, SJIEKTPOMArHUT MaJIOHU TabCUPWUHU
OLIMPHUII YYYyH KYHAAJAHT MarHUT MalJOHWHU KYJu1ab, YHU Kyd UYHU3UKIApH
CYIOKJIMK OKMMUHHMHI HYHaJIUIIUIa NEPHUHIUKYISIp Xamaa JUBJIEKTPUK
KYBYPHUHI ypTacuJa >KOWIAIITUPWIITAaH METAIUT y3aK COAMpP KWIAJUraH yropma
AJIEKTP MAWJIOHH, KYMWITaH Macaja €YHMMUHUHT TOIUII NYJUIApU aHUKJIaH/IH.

IOxnamagarn KydJaaHUWIIHM Y3rapTUPHUIIHUHT KEHI WMITYJIbCIH Ba (a3aiu
yciayOnapu aHaau3 KUJIUHTaH.

Kyiiunran wmakcaara MyBOGHMK anaOMETIapHU KypuO 4YMKHO Ba TaxJIMII
HaTWXKalnapugaH  KenuOd  4ukKuO,  TAaJIKUKOTHUHI  acoCMd  Macajanapu
IAKJJITAHTUPUJITaH.

JluccepranustHuHT UKKUHYU 600u «YMyMui ¢azoBui KYy4
JIEKTPOMATHUTIN KYPUJIMAJTAPHM TAAKMK KWIMII»JIa OUPIUKIArH YMyMUN
($a3oBHil Kyd 3JIEKTPOMAarHUTIIM KypUJIMAHUHT sApaTUiIninura 6arunuianu0, OyHaa
HMMITYJIbCIIA Ba YIOpMa 3JIEKTPMalJOHWIN; SJIEKTPOMATHUTIIN 3JIEKTPJIN, MAarHUTIN
Ba IPaBUTAIIMOH MalIOHIIM, aliJlaHMa yIopMa MaiqoHIHIapaH (oiianaHuiiam.

Ymymuii ($a3oBUi BIEKTPOMArHUT Ba Ky4 OAJIEKTPOMArHUTIM HUMITYJIbCIN
tizuM cuH@u Ty3mngu (1-pacm). Kypub uukmmaérran Kyd SJIEKTPOMArHHUT
Ymymuit pa3zoBuit 3JEKTPOMArHUT KypPHJIMACH UMITYJIBCIN Ky4 JIEKTPOMArHUTIN
TU3UMIAa TETUNUIM OYnuO, yJIapHUHT mapaMerpiapu OOIIKapyBUYM KypHJIMa
TabCUPHUAA Yy3rapaad. DHEPTUSHUHT (polganaHUIIMra Ba IHEPTUs TabMUHOTHTA
Kypa Kyd HUMIYJbCIM TU3UMIAPU [HEBMATHK, THUAPABIUK, DSJIEKTPIIH,
AIEKTPOTUAPABIIHK, AIEKTPOMEXAHUK, AIEKTPOMArHuTIN Ba Oormika
KOMOMHALUAIN KyY UMITYJIbCIU TU3UMIIapra OyInHa u.

Kypub unkunaérran Kyd 3J€KTPOMarHuTiIn yMyMuil Gpa3zoBuid 3J€KTPOMArHuT
KypWIMacu Ky4 OJEKTPOMArHUTIM MMIYJbCIM THU3UMIa TEruum Oynuo,

11



OOIIKapyB TabCcHUpHUAA TMapamMeTpiiapu Vy3rapubd Kydugarwiapra OYIuHaIM:
UMITYJIBCIIA DJIGKTPOMArHUTIIA Ba YIOpMa DJIEKTP MaWJIOHWUIN 3JIEKTPOMATrHUT

KypHJIMAacH.

Kyu umnynsc tusumu

|

MexaHuK [THeBMATHK DIIeKTPHK ['mnpasimk
/‘ '\
DneKTpOMEXaHHUK DNEeKTPOruIpaBIuK DNEeKTPOMarHuTiI

v

v

v

bomka Typaaru KOM6I/IHaLII/I${J'IaI_HF aH KYY UMITYJIbC TU3UMJIaApU

A\ 4

Ky‘l QJICKTPOMAruuTIIn UMITYJIbCJIM TU3UMJIIAPpH

0 |

3apOaap TabCUpIn
AJIEKTPOMATrHUT
MalluHaIapu

DJIEKTPOMArHuT
JIU Hacoclap Ba
KoMIpeccopiap

Bubparopnap

A

y

IIpecc

L

T~

Jo3aropnap

[Tapunnnam
CTaHOKJIapH

Srona ¢a3oBuii Ky4d 3JI€KTPOMarHUT
KypHJIMAaCH

—

A 4

VYiopma 21exTp Ba
UMITYJIbC
3JIEKTPOMAarHUTIN
MaiIoHIapu
€éplamuiara
3JIEKTPOMArHUT
KypUJIMacu

AJIEKTPIIU BA
MarHuTIN
Mai1oHIIap
épraMuaru

KypuimMacu

I'paButammosn,

AIEKTPOMATHUT

Yiwopma
alIaHMaJIu
MalI0H
épaamuaaru
AJIEKTPOMArHUT
KypHiIMacu

1-pacm. Ky4 3/1eKTpOMATrHUT/IM UMITYJIbCJIM TU3MMHUHT TacHUGU

DIIEKTPOMArHUTIIH,
ANEKTPOMArHUT KypUJIMacH;

KypHJIMAacH.

QJICKTPJIM, MArduTiIu

Ba TPABUTALMOH MAaNJOHIU
AillanMa  yropMa MaWJOHJIM  BJIEKTPOMArHUT

Nmna®d 4YuKuiIrad CyBHH 3apapCH3IAHTHUPHIN YCIyOJApHHUHT UMITYJIBCIIH
DJIGKTPOMArHUTIIM ~ Oap4ya BapHaHTIApPH KOHCTPYKUIMSJIAPHUHT — TaXJIWIHIAH
KYPUHAAUKH, MyXTAJIUTH, KarTa doiaanu uil Ko3GpOUIUEeHTIN TYPFYHIUTA OnlaH
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taknmud odTunaérraH ymyMmuid (Qa3oBUN AJIEKTPOMArHUT OOMIKAPYB TH3UMU
KypwiMacu  OakapyBuuW  DJIEMEHTHH  YWFOTYBUM  UyJFaMHJla  MMITYJIbC
KYWIAHUIIIUHA MabJIyM OpPAIHKa OOTIKAPUIITHA TAbMUHIIANTIH.

Kypunma xy#iugarm Ojokmap Ba KACMIIApPAAaH TAIIKWI TOMNTaH: Kyd4
TpaHCHOPMATOPH; Y3rapTUpruy, OOIKApyB TH3UMHU; YHUFOTYBYH YYJFaMIIH
OaxapyBYM DJIEMEHTH; HOMETA/UT KyBYpJIU CYBHHU 3apapCHU3IaHTUPYBUM KypHIIMa,
METaJUT CTePKCH KYPHHHMIILIN OakKapyBYH DJIEMEHT; ()IaHEeI; CYIOKIUK KUPHIIH;
SIHTY TapKUOJIard CYBHUHT YMKHWIIH, KOJJIUK OaKTepHs Ba META/UIAPHUHT YHUKHIIN
(2-pacm).

KHPHUIIHY

YiiraryBumu 4yJIFaMHUHT
0a:kapyB4YM 3JIeMEeHTH

Kyu Tpancdopmaropu Viraprupruu ; :

~220B ¢

3apapcH3JIaHTHPHII KYPHJIMACH -
HOMETAaJLJI KyBYp

bomkapum

Kypu/iMacu 3apapcu3IaHTHPHII KYPHJIMACH -

METAJIJI CTEPKEH

Duanwap

Sluru Tapkuéaaru

bakTepusi Ba orup
CYIOKJIUKJIAP YYYH YHKHII

MeTaJLuIap KOJIMKJIApH
YYYH YMKHII

2—pacM. YMyMuii (pa30BHii 3JIEKTPOMArHUT MaiiioH 60IIKAPYBH TH3MMHHHN CYBHH
3apapcU3IaHTHPUII KyPUJIMACHHMHT KOHCTPYKIMSCH Ba 0JI0KIapH

bup BakTHUHr V3uaa CyBHM ymMyMui (a30BUH SJIEKTPOMArHUT MaWJIOHU
€plaMuia  3apapCU3JIaHTUPHIL, TY3CU3JAHTUPHUII Ba HCHUTHII TAaJAKUKOTYH
TOMOHUJAH Takiu( >THIaAnTU. Bonopoa KKK aTOMu OpOMTAall 3JIEKTPOHJIApU Ba
KHUCJIOPOIHUHT OMp atoMu ¥3 arpoduna Oup KUHCIU OYIMaraH Kydiad SJICKTP
MalJOHUHU coaup dTaau. KyunaHrawivk TrpagueHTH KarTa OynaraH >KOWWHU
MaH(UI XyayJ, KHYMK KUICMUHU 3ca—MycOaT XyAay1 Ae0 KapaMus.

Mabnymkn maHduil 3apsanap ycTkd Kucmra xoinmamanu. CyBaa Man@ui
3apsiap OPTUILLY OWJIAH y MIYHYAIUK KACIOPOATa TYHUHAAN.

CyBHHM MaH(u# 3apsmiap (Kucinopoi) OuiaH TYWMHTUPUII YUyH YIOpMald
ANEKTP MaioHuaaH doinananunaan. Ynapaa Man@uil 3apsajlapHUHT XapakaTu
Oypama-mapMaii 4u3WK OYiad xapakarjiaHaad. Ym0y MaiJioH TabCUpHUia
KHCJIOPOATa TYHUHIaH TO3a CyB, KyBYPJIM HIUIIIAH YUKAPUIIAIH.
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Marnut wMaijgon wuHAayknmsacu 6Tn arpoduma OYambO, d7eKTp MaiIoHU
scal00B/m atpoduaa Oymamu. CyBHU Ty3CH3JIAHUIIN XaM IIyHTa YXIIall COAUP
oynanm.

OunpTpra 3ra OyaraH KyBYypJd WIUIIIAH MaxXCyC YHKHUII KUCMHIIAH OFHP
Metaimapu  yukapunaan. LIyHWMHrOex, YdMKWI ~ KUCMUJAH  TO3ajaHraH,
TY3CH3JIAHTHPWIITAaH HYUMITUK CYBU YMKAIH.

DJEKTPOMArHuT HYPJIAHUIIMHUHT WHQPAKU3UI Ba EPYFIMK OUala3oHUAA
WCCHUKJIMK dHeprusich GpoTonnapra ara. IMImynscim 31eKTpOMarHuT TabCUPUIA CYB
MOJIEKYJIaJlapy KaBUTALUSACH COAMp OYiaau, SbHU XaBO TrasujaH mydaxyanap
xocun  OYymamu. Hatwkaga CyBHHHI MYKM  SHEpPrUscd  OpTHO, YHHUHT
TeMIlepaTypacuHd  opTUImMra  onud  kedmaau.  TabKuajmam — JO3UMKH,
ANEKTPOIHEPTUSHUHT KHYMK MUKIOpJard capduma xam eTtapiud Japaxkana
UCCUKJIUK dHeprusicu opraau. Macaman, 200 MM —nm, Oyiin 3M-Td KyBypaa,
aeKTpodHeprustan 7,2 kJ Oynaranuma, YMKUIIIa UCCUKINK dKBUBameHTHAa 19,4
xJx 6yu6, Temneparypa 20°C man 80° C raua oprazu.

Kyu Tpanchopmaropu, UKKUTa HHIyKTUBINK FAITAaKHHU y3apo Mapaiien Ba
KeTMa-KeT, y OWIaH KeTMa-KeT YyJIaHTaH MeTall CTeP)KCHHU O3yKJIaHTHUPAIH.
bouikapyB TU3MMHIaH UMIYJIbCIAP TUPUCTOPHU 0YMO, MHIYKTUB FanTakaaH 120A
tok okaau. Kysypaan cys (0,2 — 0,4) m/c Te3nuk OnaH OKaIu.

WHOyKTUBIWK FalTakjgapu KYHAAJIAHT DJIEKTPOMArHUT MaWJOHMHH XOCHJI
Kuiiaau. MaiJoH TOMOHUJIaH KYIInM4a OOCUM XOCHII KUJITYBYH Kyd TabCUP ITAJIH.
Ymby OocuMm Xxucobura cyB MOJIEKYyJAJTapUHUHT oOpacujard macoda opTaju,
HATHXKaJa 3ca MUKPOOJIap Ba MUKPOOPTaHU3MIIAp TYIIAJAUTaH coxa XOCHuJl Oyau.
Cyur, cyB CcTepKeH XOCWJI KWIaJWTraH yIOpMajdd MaijoHra TyMagud. IJIEKTp
MaiJOHU coxacu Iydakyanapra TabCUup 3TUO, MUKpOOIap yiaau Ba CyB KHCIOPO.
WOHJIapu OWIaH TabMHUHIAHUO, CTEep)KEHJA aimaHagu, HUcCOATaH MHHPUKPOK
3appadanapu KyByp ocTHra uyku0, KyBypra 45° 1 kymuMua 4nKuIigan yuKapuo
TanuiaHaau. To3ajall WHTEHCUBIUTUHUA HUMITYJbCIAp YaCTOTACMHU Ba KYyBYD
KCHIJIUTHHK Y3rapTHpUO amalra ONIMPUIIl MYMKHH. YOy Makcaajia KyBYypHHHT
YTUII KUCMJIapUaa Maxcyc YTUIUIAp €épAamMuia KyBYPHUHT KHPHUIN Ba YHUKHII
AUaMETpJIapUHU  Y3rapTUpUIl ~ MYMKUH. TOKHUHT  aMIUTUTyJacMHH  Ky4
aBTOoTpancopmMaTopu EpaamMuaa amalira OIMPUINILINA MyMKHH.

TaBcus ATUIIAETTaH MyKaMMaJlIaIITUPUIITaH yMyMUi dazoBuit
AIEKTPOMArHUT OOIIKAPYB TU3MMH KyPUIMACHHUHT TaXprOa HaMyHaCHMHHU YHM3Ma
KYPUHUIIHM 3-pacMja KEITUPWITAH. Y CYBHU PEAreHTCU3 3apapCU3IAaHTHPHUII Ba
TOo3ajam y4yH OaFulnuiaHraH OYnuO, DSHEPreTHK, TEXHUK-UKTHCOIUN Ba
HKCIUTYaTal[MOH TaCHU(IIapH MyKaMMaJUTaIlTaH.

Nmnynsc reHeparopu Kyiuaard (QyHKIMoOHan OnokiapaaH ubopat: Oup
BUOpaTop, dYacToTra OYIyBUM, KyBBAaT Ky4YaWTHpPru4, THPUCTOPHH MaHOaw,
MOCJIOBYHU TpaHCHOPMATOP.

Takmud stunaérran ycmy0, UMIyIBCIN TACT SHEPTETUKIINA DJIEKTP paspsau
TabCUPHUA CYBHHU TO3aJIAIIra aCOCIaHTaH.

Taknu¢ stunran yciyd HucOaTtaH OakTEpUIUA TabCUPH HOKOPWIMIK OWIIaH,
KUYUK SHEPTrHsl capIInrura Kypa oKopy KydIaHUIIIHAaH GapKiu.
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[Tact ’HEpPreTUK pa3psAUIH TAbCUPIIA OAKTEPHUIIUT] caMapaOPIUTHHUT UITIH
KYWIAHHII KHIMaTUTa TeCKapy MPOTMOPITMOHAIIIIUTH UCOOTIaHTaH.

Kyu

TpancdopmaTopu b L

A

Bomtanruy CYHRKIHK KHPHII

1 2

3

Bomkapum )

KypHIMacH o

To3a CYB YHKHIIH /

Enrua JIEMEHTIIAP YHKHLIH /Ofﬂp IEMEHTIIAP YHKHILH

1 — xy4 TpanchopmaTopu; 2 - ¥3rapTuprud; 3 — OOUIKAPYB TU3UMH; OOIUIAHFUY CYIOKIIUK
KUPUILY; TO3a CYB YUKHUIIIN; €HI'HII SJIEMEHTIIAp YUKHILIN; OFUP SJIEMEHTIAp YUKUIIIH.
3-pacm. SlpaTuiiran 6omKapyB TH3UMH Ta:KPpUOa HAMYHACHHUHI CXeMaTHK
KYPUHM LU

( Baapysun 31emMenT1ap

Taxxpnba-CHHOBIIAPUHUHT KypcaTHILNYa, TAKIU( ATHIAETIaH TEXHOJOrusaa
cyBgaru  ¢enomnuar 70  dous, OenzonupeHnuHWHr  96dous, HedT
MaxcyrnoTinapuauar 40 ¢Qous KoHueHTpanusiapuan Kamantupau. CyBHHU
3apapCU3aHTUPHUII KOJUTH-UHJEKCH OYiinya 99 ¢ousHu, ymyMuid MUKpoOiIap COHU
—97¢hon3HN TamIKWI STAH.

Ymly TeXHOI0rus Kyin1armiapHu TabMUHIANIN:
*CYBHH peareHTCcHu3 JAe3nH(pexuusianiy,
*MUKPOOPTaHU3MIJIADHUHT Oapua TyplapuHA WYK KWIaad, UIYHUHTACK
BHUPYCJIAPHU Ba CIIOPATIAPHU XaM;
*CYT Ba CYIOK CYTJIM MaxXCyJOTJIapHHU CTepUIIN3alUsIIaiIu;
*COKJIAPHU CTEPUITU3AIUSITIANIN.

AcocHil TEXHUK KYpCaTKUWIapH:

KyBypra CyBHUHT KHUPHIIT TE3ITATH (M/C)...eevvereveenrreeereereenereereenneeennes (0,2-0,4)
YHFOTYBUYM YyJIFaMIAry MyJTbCAUSITH TOK (A)...cccvieieeriieeieeieenennnn (80 —300)
Kyu tpancopmaTopuHUHT KywTaHUIIHA (B)...ooovoviiiiiiiiiiiiiccie ~ 220
V3rapTHpruaHUHT 4acToTa JAATA30HH (TID).....vveeeeeeeeee e, (50 — 25)
YHFOTYBYHM UYJTFAMHUHT GYJFAMITAD COHM..oeeuuvrreerreenrreenereeesereeesneesneeans 2x400
Sv’nannapH ......................................................................................... 6x0,5%0,5
KYBPHUHT THAMETPH, (M)..eeeevieeiiieniiieeiieeeiieeeiteeesiee e e e e e s 0,2
A T o 163 % I ) USSR 500
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YMymuit GpazoBuil SJEKTPOMArHUT MaiIOH Ha3apHUsICH TYPT XU MAalJIOHHUHT
¥3apo TabCUpJIApUHHM Ha3apAa TYyTaau: UMITYJIbCIM KYHJAJIAHT 3JIEKTPOMArHUT
MalJOHU, HWMITYJIbCINA DJJIEKTP MAaWJIOHH, aWjaHMa »JJCKTPOMArHUTIH Ba
IPaBUTALMOH MAMIOH.

MabnyMKH, CYIOKJIUK OKAETraH UXTUEPUNA KECUMJArd KyBYPHUHT OFUPIIUK
Mapka3d HOJMHYM XucoOmaH h Oamanpnukna OYnud, bepHy/UIM KOHYHHU
Oaxapwiiaii. DHEPreTUK HyKTaum Hazapuja P GocuM OMpPIMK XaKMJIard TallKy

Kywiap 6axkapraH HILIUp
2 2
szgh+’012) +J%, 1)

Oy epaa  © — CyIOKJIUK 3UYIIUTH,
U — ymi0y KyBypHHUHT KeCUMH OYil1ad XxapakaT TE3JIHIH,
g — aijaHaéTrad CyOKIMKHUHT UHEPLIHUS MOMEHTH,
® — CYIOKJIMK alTaHUIIIMHUHT OypYaK TE3JUTH.
bepk keHrnukna oxoiyamradn cyB (YTkKazrud OyiMaraH KyBypna) OHpIiuk
KEHIJIUKJard MaiJoH TOMOHHUJAH Oocumra sra OYnau0, y Tallku r03a OupJMrura
MOC paBHIIJia KyWugarura TeHr Oyinaau:
Fo wHo? |
2 ()
Oy epna
F — OUpJUK KEHIVIMK MaiJIOHM TOMOHUJaH TabCUP ITYBUHU Ky,
Ho—MaiiioH Ky4IaHTaHJIWUTH.
bomka ToMmoH1aH dca:
F o thl
8r%a’’ (3)

Oy epaa  a — KyBYyp paJilycCH.

Jlekun wmalg0H OOCHMMHUHU HaMOEH OJTyBYM MakcBen TyIIyHYacH YTa
pacMuiiiek TyroJsaau. busra conmapok Ba aHMKpOru OyHAall OOCUMHHMHI COIUD
OYIUIIMHYN OMPIIMK KEHIJIMK MalJIOHU XaMJla XapakaTaard 3apsii TOKHHUHT Y3apo
TabCUPHJIA TACABBYP KHIICAK.

CyBHUHT MOJIEKYJIacH KaTTa AUIOJI MOMEHTHUTa 3ra P, =6.1-10° Kr - m,

(0}
LIVHUHT yayH MOJeKyanap opanuruaa (¥ =1A =1-107"° ) cyloxmkiapaa
YHUHT artpoduaa KywIid JJIEKTp MaioHW coaup Oynmamm. By Xom amektp
aucconyanuscura ca6ad o6ymaau.

Oxubarna OMPAWMK KEHIVIMKIAArd MaWJoOH CyBIarn JIHUCCOIUAIUSHU
Ky4alTupaad, WKKH aTOM BOJOPOJ Ba OWp aTOM KHCIOPOA-CYBHHHT OpOHTAI
ANEKTPOHTApH ¥3 arpoduja Kydwid Oup KUHCIM OyIMaraH SJEKTp MailJOHWHU
XOCHJI KUJTNO, CYBHH Ba YHIArW OMPUKMAaJIapHU dJIEMEHTIIapra aXpaTaju.

Yumby xapa€H aillaHMa 5JIEKTPOMAarHUT MalJoOHU XHCOOWUTra Kydasiiu.
MabiyMKu, amnep Ky9uHHHT OocuM Kyuura HucOatu CTroapT KpuTepuecu aed
aTayiajy.
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y-B*./
pru (4)

N =

by epna
Y — CYIOKJIMKHUHT HUCOUN YTKa3yBYAHIIUTH,
B—MarHuT ManJI0H UHIYKIMICH,

£ — CYIOKIMKHHMHT KyBYpJard y3yHIIUTH.

-Uc A e
A O s Ty31u cyBHUHT
s 1 2 KHpHIIH
c

- < @ © /
il

3

Tyzcumauran CYBHHHI

YHKHIIH
1- yu ¢azanu Tok ManGau; 2 — Y3rapTuprud — y4 (azanu uMITyJICIn reHeparop; 3 — y4

¢dazanu OomkapyB THU3UMH; 4 — YWFOTYBYM YYJIFaM - COJICHOWJ KYpUHMIIMIAru OaxkapyBuu

BIIEMEHT; 5 — yWFOTYBUM 4yn¥aM - yd (azanmm gynramiam OakapyBuM DJIEMEHT; 6 — HKKHTa

METaJUl CTEP)KEHH; 7 — €HTWJI Ba OFUP DJIEMEHTIAPHUHT YMKHUIIM YYyH YMKHII KHUCcMHU (Oupu

CHI'WJI SJIEMEHTIIAPHUHT YUKUIIN YI9yH, HKKHHYUCH 3Ca OFUP 3JIEMEHTIApHUHT YHKHIIN YIYH);

8 — HoMerayu1 KyiiMa KyByp; 9 — CyB TapkuOugaH 4MKUO KyBypJa HUFWUIIaIUIaH TraszjiapHU

YUKAPHUII YYYH UKKUTA Ta3roybaep; TY3U CYBHUHT KUPUIIN; TY3CU3JIaHTaH CYBHUHT YNKHUIIIH.
4-pacm. YOOMK Ty3uiauin cxemacu

AMIiep Ky4rHH KapIIWIKMK Ky4d OuiiaH TakKociaaHuim ousra ['aptMman

KpUTEpUECHUHU Oepaju:
m=|Fa g ﬁ
Frp n (5)

By epna 77 — CyrOKJIMKHUHT EMUMTKOKJIUK KO3 (QUITMCHTH.

Arappa, CYIOKJIUK OMPJIMK KeHTJIMKAAru KyHaalaHT MaiijoH1a okaéTran oyica
['aptMan €k CTrOApT KUYHMK COHJIMIA MAaMJIOH OKUM XapaKTepHUra Ky4CH3 TabCHP
9TaJM Ba XapakaT KapIIMJINTH acOCaH CYIOKJIMKHUHT KOBHUIITKOKJIWUTH XHCOOHTa
coaup Oymaam.

Crroapt €xku [apTMaH KkaTTa COHJMIUJA, CYIOKJIMKHUHT KOBYIIKOKJIWTH
WKKHHYM pekara YTaJau Ba XapakaT KapIIMJIMTH acocaH OWPIMK KEHIJIUKIard
Mal0H OuJlaH CYIOKJIMKHUHT y3apo TabCHpUIAH coaup Oynamu. Ymly skapaéH
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CyB MOJICKYJacHl KaBHUTALMSICU alJlaHMa »3JEKTPOMAarHUT MaWJIOHHWAA KyYasiJiH.
Hatmxana cyB maHbuii 3apsiajiaHrad KAUCIOPO HOHTIApH OuUiiaH TYWUWHAAH, SbHU Y
TO3a Oynaau.

4-pacmaa OW3 TOMOHUMM3JAH HUIUIA0 UYMKWITaH CYBHH  TO3QJIalll,
3apapCHU3IaHTUPHULI Ba Ty3CU3JAHTUPHUII KYyPHUIMACH KEITUPHUIITAH.

DONEeKTPOMarHUTHUHI  TYpAM TalIKKM TabCUPU XUCOOHMra UMITYJIbCIIU
ANEKTPOMArHUT MaNJOHU (QEeppOMArHUTiIv, NapaMarHuTid, Ba JAHMAMArHUTIN
Marepuajyiapra KyBYpPHHMHI II0XOO0YacHJaH Ba TrasrojibiepaH HWHCOH Y4YyH
3apapyid OYJIraH 3JIeMEHTIIap TallKapura YMKapuino 10opuiaIu.

Iy acHoma  OupIMK  KEHTJWKIArd  MalJoH CyBHM  To3alailau,
3apapcu3iaHTUpagu  Ba  Ty3cuzjaHTupagu.  KyuiaHuim — UMITYJIbCUHHHT
YaCTOTACMHU, HMIYJbC KEHIJIMTUHHU, Ba AaMIUIMTYJAaCUHU Y3rapTupuO, YHU
XapaKTepUHU Ba TAPKUOWHH Y3rapTUPUIIA MyMKHH.

JuccepTallsiHUHT  yuuHYM 000 «YMymuil ¢a30BUH 3JIEKTPOMArHUT
MAHJIOHMHN OOMIKAPYB TH3UMHMHHM SIPATHII»JA ymymuid  (ha3oBuii
AIEKTPOMArHUT MalI0HU OOIIKAapyB TU3MMMHHM sipaTUIIra OaruiuiaHuO, yMyMuUn
($a30BHIl HNEKTPOMArHUT MaWJIOH KYpUIMACHHUHI TOK MaHOAWHM KypHIl Ba
KypuiMazaa coaup Oynaauran kapaéniap TaxJimiaura OaruIuUIaHraH.

YMymuit pa3zoBuil 37E€KTPOMArHUT MalJOH XapaKTepPUCTUKACHAAH MabIyM
Oynauku, TaxmuHaH 80 A raya xapakTepHCTHKaJa KyWIaHWIN KamMaluIura sra
TOK OPTHUINM OWUJIaH 1Ty KUCMHUJA KyWIaHMII Macasau. Ymoy ymyMmuil ¢azoBuii
ANIEKTPOMArHUT MaWJI0H Kepakiid XYCYCHUATHIAH OOIIKapyB KypUIMAacHHU
apatuniga GoiganaHuwiau. YMyMmuid (a3oBUN SJIEKTPOMArHUT MaWO0H YWKHIII
KYWIAHUIIMHHA OLIMPUII Ba MAKCHUMAaJ 3JIEKTPOMArHUT MaWJOHUHU XOCHJI KHJIMIII
MaKCcaauaa, 01aTaa, OCUMIUIATOPIIAP Ba TyPJIM KypHWIMAIAP KyJIJIaHUTIAIH.

S5—pacmaa ymyMuid (pa30BUI 3JIEKTPOMArHUT Mai10H OOLIKAPYB TU3UMH BOJIBT
aMIIep XapaKTEPUCTUKACH KENTUPHUIITAH.

VB

]

100 -
20 —
G0 =

10 -

20—

-
-H
-H

— 3

0 G0 120 180 240 300 360 30

S-pacm. YOIM OomikapyB TU3MMH BOJIbT-aMIIep XapaKTePUCTHKACH

6-pacmaa kypuO yTwiraH ymymMui (a3zoBUil 3JEKTPOMarHuT MalJIoH y4yH
100A  TokmaH KMYMK KUWMAaTiapjard BOJIbT-aMIEp  XapaKTEPUCTHUKACH
KeNTUpWITaH. YMymMud  (a30BUil  DJIEKTPOMAarHUT MaWJoH  MaHOAWMHHWHT
XapaKTepUCTUKACU YIIOy KUCMHUZAa YMyMui (Pa3oBUN 3JIEKTPOMArHUT MaiijoH
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XapaKTepUCTUKACHUTa VXIIAIUINTA OWJIaH YHHUHT TYPFYHJIWUTH YMyMHH (Ha30BUH
AJIEKTPOMArHUT MalJI0H UIUra OOFIUK OYJaIu.
u(B)

A

N
120>
100+
80
60 >
40>

20 -

T T L I
0 100 200 K3 1)

6 - pacm. BomkapyB BoJIbT aMnep XapaKTepUCTUKACH

YMmymuii  pazoBuil dJIEKTPOMArHUT MaWJIOH acocuii MaHOaW OXHCTa
MacaroBUM, AyMJIM KHCMHJAa KECKMH MacaloBUM XapaKTepucTukara sra Oyiuo0,
KHCKa TyTanryB [k3 makcuman Tok Ouia yerapananagu. Calir UIUIall pexuMuIa
IOKOpY YHUKUII KYWIAHUITA YMYMHA (a30BUN DJIEKTPOMArHUT MAalJOHHUHT
MYBTaINJ Ba TYPFYH HIUIAIIMHA XaMMa PeXXUMIIapJa TAbMHUHIIAW N,

Taxmunan 60 A nman 6ounad, 300 A raya KucMu (5— pacM) BOJIbT-aMIiep
XapaKTEPUCTUKACUHUHT Ky4JaHUII MEbEpIAITUPruun 0ynub, ymymuil ¢azoBuii
ANEKTPOMArHUT (AOTUATH y4YyH MOCAMp. YOy KUCMUIArM yMyMui (a3zoBuid
ANIEKTPOMArHUT KYWIAHHUIIM TOK KUMKWMATu Yy3rapumiura OofiuK Oyimail, Oanku
KYPWIMAHUHT OaXapyBUM SJEMEHTH — YWFOTYBUM UYJFAMHUHUHT KOHCTPYKTHB
XyCycusiTUra Ba yMyMHil (ha30BUIl 3JEKTPOMATHUTIATM MHUC CTEpXKEHTa OOFIHK
oynasu.

by kywranuiinu Kyiuaaruya Xxuco0Jan MyMKHH:

U, =U, +U_, (6)

Oy epma U, -KyWwIaHMIIU yMyMUi (pa30BHI DJIEKTPOMAriur, B;
U, -yUFOTyBYM YyJIFaMJaru Kywianuu B; U, - ctep:keHaaru Kywianuui, B;
YMymuii  ¢dazoBuil ANEKTPOMArHUT MaMJIOH YWFOTYBUM  UyJIFaMUJATH
Ky4JIaHUII:
U, =IR, (7)
Oy epma R, =0.320m—yHFOTYyBUM uyl¥am Kapmuiaurd; | =80A—yHFoTyBUH
qyJIFaMJIary TOK.
Ymymuii pa3oBHii MEKTPOMArHUT MaIOH YMyMUI Ky4IaHUIIH:
U, =(80x0.32)+12=37.6B. (8)

Ymymuit Ha3zoBuid 3I€KTPOMArHUT MaIOHHUHT TYpFyH uiuHu [ — 80A man [
MakCUMyMraya opaiukiaa, 37,6B kyunanumijgaHn kam OYyiMaraH Ky4JIaHHUII
TabMUHJIAHUIIN XaMJla YMYMHH (a30BUM 3JIEKTPOMATHUT MaWJOHHUHT MYBTaaMI
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UIIMHU TabMUHJIAII YYyH 3ca OomKapyB KywiaHumu (46+52)B Oyaunuiru
aHUKJIaH]H.

baxxapyBum syieMeHT — YWFOTYBYM 4yJiFamMard Tanald STHIraH OOIIKapyB
KyWIQaHUIIM Ba TOKM Xamjaa OOIIKapyBYM THpUcTOpAa ¢a3zaHuHT Tacoauduit
y3rapuiliy MyaMMOCHHH 3bTHOOpra 0JIu0 TUPUCTOPHU OOIIKAPYB CXeMacH TakIud
stuirad. borkapys yactoracu appacMMOH reHepaTtop ummyibscu — (AI'N)
oup — Oupuaan 180 311. rpagycra CHIDKUTaH X011 aKUTaHTUPUTIAIH.

Taknud sTUiaraH UMOyIbCau rereparop (/—pacM) Kyiujgard (yHKIHOHAT
Oynmakiap/laH TallKWJ TomraH: Oup BuOpaTop, YacTtoTa OYIyBUM, KyBBaT
Ky4alTUpruy, TOK MaHOau, MOCJIOBYM TpaHC(HOPMATOp Ba COJECHOUJ — YUFOTYBUH
qyJIFaM, 3apapCu3aHTUPYBUYH KypHIIMa.

. YacroTa _ KysBar
BbupsubpaTop > N > N -
OymyBUH Ky9aWTUPTHYN
A y y
Tok Man6au 3apapranTupyBIH Mocnosun | |
Kypuima Tpancdopmarop f—,
~220B

7- pacm. UMnyJIbCJIM TeHepaTop 00IIKAPYB KypujiaMacu GyHKIMOHAJ CXeMacH

DOnekTpoMarHuT Goiganm Ui Kod(QPUIMEHTUHH TaaKUK OSTHINIINAIA
AJIIEKTPOMATrHUTHUHT UMITYJIbCIN KYWIAHHII IIAKJIMHUA KUPKUMITU SIPUM CHHYCOUJIA
KYpUHUIIMAA KUPKUM Oypyaru O HUHT Typiau KuiiMaTiapuja BapuallMsIaHau.
Onau pponr Gypuaru 0 kupxumu Homgan 45° raua, opka ¢pponru sca —180° nanm
120°raua.

Xap Oup sHTH KUpKUM Oypuard MMIMYJbC NIAKIUMHHU Y3rapTupanud. byHmaxn
KeTuO YMKAAWKH, UMIYJIbCIAp MIAKIMHUHT COHM aMmajija ydra 3mac, Oaiku
KUPKUM OypUYardnHUHT BapHaIisi COHUTa TEHT.

JuccepTauussHUHITYPTHHYA 000N «BHPJIMK KeHIVIHKIATH 3JIeKTPOMATHHUT
MaHIOHUHUHT OOIIKAPYB TH3UMH KYyPHJIMACHHH TAaAKHMK ITHII»Aa OOIIKapyB
TU3UMHU KypPUJIMAaCUHUHT Ha3apHuil Ba aManuil TaIKUKOTUTa OaFvIILUIaHTaH.

CyBHM 3apacU3JIaHTUPHUII Ba To3ajJall yciayOu OWUpIMK KEHIVIMK MaiJIoHu
HazapusAcHUra acocjiaHuO, MalJoH HHEPrUACUHMHI MEXaHUK HOYM3UKIIU
HKBUBAJICHTH JJICKTPOMArHUT MAaWJOH Hazapuscuaan ¢oinananubd Takimud
sTwirat (8 —pacm).

Mexanuk sHepruss WM «a» HyKTajaH Oommiad MaiioH sHeprusich Wi
opTUIM OWjaH KecKWH opraau. Hatmwxkama xocws OYnaran sHeprus xucobOura
MEXaHUK Ul Oaxapuiaau. MalloH TOMOHUJAH Kyiuaaru udoaand Kyd TabCHP
ATa/IN:

F = gradw,, , (9)

Oy epma WM — MeXaHUK 3Heprus; F — OMPIUK KEHIJIMK MaiIOHH TOMOHHIaH
TabCUP ITYBYH Ky,

20



®opmyna (9) mabiayM OyiaraH xamma y3apo Tabcupiap (3IEKTPOMArHUTIIH,
IpaBUTAIlMOH, KyWIM Ba KyYCH3)HM XucOOJalml MMKOHMATUHU Oepanu. ByHuHr
YUYyH aCOCHUM 3HEPrusi MUKIJOPUHU, KEHIVIMK/IA WYHAITUPUITaH Ba y3apO TAbCUP
SHEPrusl MacaluIINHU OWJIMII JIO3UM. BUPITUK KEHTTIMK MalJOHM Ha3apusicu TYpT
XWIJArd MaWJOHJApHU y3ap0 TabCHUPUHM Ha3apaa TYTAaaW: HMILYJIbCIU
ANEKTPOMArHUTIIN, UMITYJIbCIHU JJIEKTPIIH, Y3rapMac MarHUTJIM Ba IPABUTALHOH

W, ,4

1—4M3uKIM TU3UM XOJIaTH Y4YH HOUM3UKJIN XapaKTEpUCTUKAra ypuHMa Yn3nfy;
2—HOYM3MKJIM TU3UM XOJIaTH Y4yH MEXaHUK SHEPIUSAHUHT MaiI0H SHEPrUACUTra OOFIUKINTH.
8 — pacM. MexaHUK 3KBUBAJTEHTHUHT Maii/IOH YHEPrUsICUTa OOFJIMKIUTH

Kypuima MoJieTMHM MaiiIoH yJIaHTaHUJaryd xoiaT Kypuiran. MabiyMKH, CyB
JMaMarHuT XyCyCHUATHIa 3ra Ba MarHUT MaWJOHW TabCUpHUAA YHAAH WUTApUJIAJIN.
Harmwxkana oKUMHHA TOPMO3JIOBYH Kyd COAUP OViIaam.

Xap OupauMK XaXMJa CYBHUHT MOJIEKyJacu Oup Xuj OYNraHIuruja,
TOPMO3JIOBYM KyU 3MIOPACU TYFPHU YM3HUKIU Oynanu. Jlemak, COCHOMTHUHT UUN]Ia
Ba YHUHT OJJuJa OKHMJIA CUKWIHII KUCMU CYIOKJIMK OOCHUMHU IOKOpH OyiraHna
XapakaT TEe3JIMIu OoIIKa OKUMIa HUcOaTaH KMYMK OYIaiu.

CyYIOKJIUKHUHT XQKMUW MyXTAJWTHAH YHUHT OKUMH Y3JIYKCH3 Ba CUKHIIMIII
KUCMUJIaH CYHT UY3WIWII KUCMHU XaMm OVIWIIM, KaepAa OOCMM KHYHMK OYica,
TE3NMK acocuid okumaaH tokopu («C» Hykta 9 — pacmpaa) OVnaau. MaiigoH
TabCUpHUJIATU OOCUM TPAIUCHTHIAH CyBJa KaBuTalus 3Qphextu coaup Oynaam.

YUFOTYBYM MKKH 4YyJFaMjd OakapyBuM SJIEMEHT DJICKTPOMArHUT KYy4H,
MarHuT Maij0H PHEPTUSICH Ba Ky4 YUyH acOCHM aHAIUTUK Udoaanan (oiinananud
AHUKJIAH]IH.

Kentupwiran saxyauii wudOmAaHM WKKH YyJIFaMiId OakapyBYM DJIEMEHT
AIEKTPOMArHUT Ky4Yd YUyH YerapajiaHaMu3:

F, =dA, /d5 = (d/d5)|1/2) L% + 1/ 2)(L ¥ - M¥,¥,)|/ D). (10)
by epna: M = M12 =M1 — Marout MaiiJJoH1 HEPTUACU X0JaT PYHKUUACH Oy AN
YUYH JIO3UM OYJTraH MIapTH.

Y, =L, +Mpi,; WY, =M, +L,i,.
9 . . %29 . .
Av = I(B)(Lz ¥,-M,,-0)d \P1+_|. (5)('—1 ¥,-M,, ¥)dV¥, =
0 0 (]_1)

— (UL 12)+ (L 12) - M 1)),
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Oy epna D — anukinoBum, HommaH Gapkiu KodddunueHtaad Tamkun Tonran (12)
dbopmyanaH:

¥ U . WY o S |

A) T‘[ L

Oxum
TEe3JTUIHHHHT
IMIOPACH

(j_\’B}lIl TOpMO3JIaHaaAuran
Ky 3nmopacHu

A) Tamky KypuHUIU; B) KUpKUM KYpUHUIIIH.
9- pacm. Kypuima mojaenn

Bb - vd —

A\ 4

\ 4
S‘; ____________ 1

TM — tok man6au; bb — Oomkapys 6ynaru; YU — yifroTyBun uynram; Y — y3ak (HOMeTat
KYBYp MUHTa YpHATUITaH MeTall); J[ — Kupuin KuiMatu; Y — YMKAIT KUAMAaTH.
10 - pacM. YMmymuii ¢a30BHii 3JIEKTPOMArHUT MaiiIoH 00LIKAPYB TH3UMHU TY3HJIHIIT
cxemMacu

D=LL, -M,M,,. (12)
YM3UKJIM MAarHuT TU3UMHU YYyH KO3HEpIHs, MarHUT MalJOH SHEprusicura
tenr. [llynnail KuinO, KydHU MKKM YUFOTYBUM YyJIFaM THU3MMHU Y4yH KyWuJarura
ara Oynamus:
F, = -[(1/2)i(dL, /d5) + (1/2)i2 (dL, / dS) £ M i i, ]. (13)
Ymymuii xonga (13) dopmynagaru OXUpru WUFUHAM HMKKA XWJI HIIOPAJH
OynuO, yWFOTYBUM UyJFAMJIADHUHI KETMa — KeT €KM Napajuien yJaHWIIWHU
nHOOAaTra oagu. YW3HKIM TU3UMHHUHI TYPFYHJIWTM TabCUP O3TYBUM OMUIIra
OOFJIMK 3MacC, YHUHT XapaKTepUCTUKACUTa OOFIIHK.
10 — pacmaa ymymuii ¢$a30oBUN 3JIEKTPOMArHUT MalJIOH OOIIKApyB TU3UMH
TY3WIHILI CXEMACU KEITHUPUIITaH.
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Nnuna® yukuirad KypuIMaHUHT TyPFYHJIMK COXAaCUHM aHMKJIAIl MakKcaauia,
JMHAMUK XYCYCHSTH KyWHJArd XapaKTepUCTUK TeHTJaMa OuiaH udojanaHyBud
(xenTHpUO YMKApWITaH) TeHTIaMaaaH GoiiananaMus:

a,P*+a,P?+aP+a,=0 , (14)
6y epma a, =400; a, =16.8-10°; a, =1.705-10°; a, =9.5-10°°.

['ypBunl kputepuiicuan Kymiad, XM ydyH AacTyp Ty3am#3 Ba TYPFYHJIUK
coxacuHUHT WKKU xapaktepau K Ba Ti mapamerpnapu TEKUCIUTUIa Kypamu3.
XapakTepucTUK TOJMHOMHU DSPKHH XaJAWHW HOJbra TeHriamrupud, K = —
anepuoJNK dYerapa TYypFyHJIurd uGOJAaCMHU TONaMu3, TeOpaHMa TYPFYHIIUK
Yyerapacu 3ca:

8,8, —8,8, =0, (15)
TyprynnukHuar TeOpanma  uerapacuHu (15) TeHrmamagan TONaMU3,
K=aa,/a,—1. (16)

['ypBun kputepuiicuian ¢oiananud TypFyHIMKHUHT TeOpaHMa YyerapacuHu
Kypumi yuyn Excel mactypu Ty3wiran. Hatwkanapu Oyiinya TypryHJIMK COXacH
11- pacmpa kentupwiarad. “A” coxa HOTypryH. llITpuxiaHraH KUCMHUTa MOC
KeJyBYM XamMMa KUHUMaTiIu mnapameTpiiapu yuyH “bB” coxa THU3UMHHMHI TYypFyH
X0JIATUTa TYFPU KEJIaJIH.

Xucobiapra Ba TYPFYHJIUK COXAaCHJIaH KeUO YMKUIINTa Kypa TU3UM TYPFyH
30HACUAA UIUIAWIHN.

YOOM  yiifoTyBYM uyifamMud OwiaH OOMIKapyB THU3MMHUHHUHT  peal
napameTpiapyu y4yH aMIUIMTyJa — (a3a 4acToTalld XapaKTepUCTHUKAlIapu Ba
VTKUHYY Kapa€H cudaTy aHUKIaHTaH.

AxTuB ((aosn) Ba peakTHB KapIIWIMKIapAaH uOopaT OyiraHn macCuB SJEKTP
samkupu  (12—pacMm) cxemacuaard OepwiraH JJIEMEHTJIApPUHHA  KyWHJIard
KypuHUIIIa TacBupiaiimu3. IlaccuB pean 3leKTp 3aHXXKHpPU YUYYH, U,—KUPHII
KYWIAHMIIJIM Ba U,— YUKHII KYWIAHWILIM, YTKUHYM (PYHKUUSHU AHUKJIAUMU3.
Cxema  (12-pacm)  mioxoOuamapuHu  wWHOOaTra  onmd,  mMI0Xo0Yajaaru

KApUIWINKIApUHU Z, BaZ.2 KOMILJIEKC KapIIWJIUKIapura aaMamTupuO, Kyhujaaru
sKBUBAJIEHT (13— pacM) cxeMaHu XOCUJT KHJIaMU3.
3amKUPHUHT YT (QYHKOUSICH OSKBUBAJICHT KAPIIWIMKIAPA  OPKAIH
Kylujgaruya €3aMus:
W(p):uz(p): Zz(p) . (17)
u,(p)  Z(p)+Z,(p)
PeakTB  sjemMeHTIIap  KOMIUIEKC — KApIIWIMKIAPUHM  Ba  MI0X004a
KapUIWIMKIApUHA XucoOra om0, yHU omepaTop KypuHuiuaa €3uo, y3rapmac
BaKT Ba KOX(h(UIMEHTIApUHU XHUCOOTa ONTaH XOJja OYHMK TH3UM YUYyH

AKYHUH (POPMYIIaHU KEITHPAMU3:
K,(TS, - P?+T,,-P+1)

W(p) = :
K, L+ Ty, - P)(T,5 - P2+ T, - P)+ K, (T, - P2 4T, - P+1)
bab3u Oup xun y3rapTupunuiapiad CyHr, KyHuaaru sKyHuil udoianu
OYMK TH3UM YUYH XOCHJI KAJIAMU3:

(18)
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2
Wpa3( )= 6, P +6,-P+s,  B(p)

— = . 19
a,P’+a,P’ +a,P+a, A(p) (19)
K 10
3 '
2 w«A»
1 «Bw
0 T, [C]
N N N h
N N W W -
1 2 3 4 5 10~

11- pacm. TUBMMHMHI TYPFYH cOXacH

12 - pacm. ITaccuB 3/1eKTP 3aHKUPUHUHT

13 - pacm. IlaccuB 31eKkTp
3aHXKHUPH  CXeMAacH

3KBHBAJICHT CXeMacCH

by epma: a =k, 'T11'T222; a, = kl(TZZZ +T T +k, _-|-222; & =k, Ty +k, Ty
6, =k, T5; 6, =K, Ty 6, =K.
[TaccuB 3aHkup KyWHaaru napaMeTpiiapra sra.
R,=0170x; L, =15-10° I'; R,=2000m; C,=2-10"° &;
L,=2-10%I; w=2xf, =157 I'y; j=+/-1.
Kupui tabcupu g =2B 3MHANOSICUMOH KyWwIaHUII OYiraH, €MUK aBTOMATHK
TU3UM  y4YyH VTKHHYM  (QyHKOusgaH  doiganaHu®, YTKUHYA

ao:kz;

KapacH
XapaKTepPUCTUKACU XUCOOIAHIA B KYPUIIAH.
YTkuH4M GyHKIUS TapaMeTpiiapu:
L, 2-107
T,=R,-C,=4-10"%; T,,=+L,-C, =410 T,, =2 = =1-10"";
21 2 2 22 2 2 23 RZ 200

a, =k, -T,-T3=5984-10° =60-10"°; a, =k, (TS +T, -T,)+k,-T,>,=16-10";
a, =k, -T,,+k, T, =2-10"°; a, =k, =200;
6,=k, T,=8:107 6 =k, -T,;=2-107; 6, =k, = 200 HU TAIIKWI ITA]IH.
Enuk aBTOMarMK TU3MMHUHT XapaKTEPUCTHK KYNXaad, OYMK TH3UM
KYTIXaJIApUHUHT CypaT Ba MaxpaKiiapy HHFUHINCH OPKAIH aHUKJIaHAH:

A(p)=a,p® +a,p’ +, p+a, +6, p° +6,p+6,. (20)

24



bab3u Oup KucKapTUpUIUIapJaH CYHT, KyhHugaru Kod(hOUIMEHTIN YYUHYH
Japakajau TeHTrJIaMaH! XOCUJT KAJIaMU3:
a, =a, +6, =400; a, =a, +6 =2,02-107;
a,=a,+6,=16-10""; a,=a=60-10"°.
A(p):as-p3+a2p2+al-p+ao. (21)
Kapnan <dopmynacugan  ¢oiiganann® XapakTEepUCTHK  KYI — XaJHUHT
WIAU3NapU aHUKIaHau. byHaa y Kyitugaruda Oynaau,

a, P, = —188,501212
a P=—-P, =929173-163,5026 j
v=|® : . (22)
a, P, =92,9173+163,5026 |
a3

Xapaktepuctuk kyn  xag (20) TeHrIaMacMHUHI mapaMmeTrpu Oyitmya
muddepenmaniad Kyiuaaruaa XoCI KujaaMu3:

Q(p) =3-a;p* +2a,p+a,. (23)
Arapna YyTKuHYM QYyHKLIMS KYT XaJ cypaTuaa

B(p) :62172 +t6,p+6, (24)

y T
y(®) Yo
N
L~
NS
T
1

0 0,01 0,02 i

14- pacM. YTKHHYH 5KapaéH XapaKTepUCTHKACH

bynna:
B(0).
a) TYPFYH TaIlIKWI 3TYBUHCH y, = gm, (25)
0)YTKUHYYU TAIIKWI 3TYBUHCH
B(p,)-ep(p,) .
y®=9 , 26
g Py - Q( pk) ( )
B) YTKUHYM XapaKTePUCTUKACH
y(t) =y, +y(t) (27)

YTKHHYM kKapa€H XapakTepucTUKacHu 14 —pacmaa KeATUPUIITaH.
bomkapyB TH3MMHAArn YTKUHYM >Kapa€Hiapra, TU3UMHUHT XYCYCHATJIApWIAH
KeJInO YMKuO, MyalisiH YeKJIOBIap KYyWHIUIIN aHUKIAHIH.
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HuccepranussHUHT OemrHYA 000U «YMyMuUil (pa3oBHH 3IJIEKTPOMATHHUT
MaiiioHn  OOMIKapyB TH3MMH KYPWJIMAJAPMHUHI  HMINOHYWIWJIUTHHH,
UKTUCOAUI caMapaJopJWINIMHU Ba KYJUIAHWINIIAHHA 0axoJamm»ia yMyMuin
da3oBUil  SAEKTPOMATHUT MaWIOH OOMKAapyB TH3UMHU  KypHJIMaJIapUHU
WIIOHYJIMJIUTHA, UKTUCOIMM caMapaJOpJIAIIUTH, ACOCUN TEXHUK KYypCaTKU4Iapu Ba
KEHI HMKOHMATIA aMaJiiil KYJUIAHWIWIIA MAaCATAIAPUHUHT  YPraHWINIIUTa
OaruiuIaHuO, HaTYXKAJIApU KEITUPHUIITaH.

WImOHYIMIMKHYA MKKU XOJIJIard yMyMUH (ha30BHIl 3JEKTPOMArHuT MaiI0H
OOlIKapyB TU3UMHU KypuiMajapu yuyyH Xuco0jad uukwiau. byHma xypuimara
Xapopar, HaMJIMK, KyE€ll pajauaiusacyd Ba OOIIKAa TabCUP 3TYBUYM OMMIJIJIAPHH XaM
MHOOATTa OJIMHTaH.

W3nanunuiap Ba XucoOjaml HaTWKallapura Kypa MTpOTOTHINTa HUcOaTaH
UNuIad YUKWITaH yMyMHUd (a30BUN SJIEKTPOMArHUT MaiJoH OOIIKapyB TH3UMU
KYPWIMAaCHHUHT UIIOHYINJIUTY FOKOPH.

Niuija, myHUHTIEK SpaTUirad KypUJIMAHUHT AIOXHAIA aMAIUN KYJUTaHAJIALINA
KUME CaHOATHAA, O3UMK — OBKAaT CAaHOATHAA, MAUIIMKA — YU JKOW XYKaIUTUAA,
KOMIUIEKC TapKUOM1a KEITUPUIITaH.

XyJiocana TAAKUKOTIAPHU SIKYHH Ba aCOCUM HATHXKaJapy MAKUIaHTUPUJITAH.

Juccepranuss wioBacua KOHCTPYKIMSHM KYPUHHUII CXeMacu; OOIIKapyB
TU3UMHA MOJEIMHUHI CXEMalapd Ba 4YW3Majapd, WHHOBALMOH spMapKaza
KATHAILTAHJIUTY XaKuaaru OyKJeT/iap, CyBHU 3apapCU3JIaHTUPHUIN OYiinya caHoat
Taxprba HAMyHAaCHHUHT CHHOBJIAaH YTKa3WiraH XyJiocajapu, AUcCepTaius
HATHKATAPUHUHT KYJUTAHWIWIKA Ba TAaTOWK JTWITAHJIUTA XaKUJard XyJioca Ba
MabJIyMOTHOMAJIAp KEJITUPUIITAH.

XVYJO0CA

baxkapuiaran  WIMHA-TEKIIMPUII  HATWKAJIAPUHU  YMyMUWJIAIITUPUO,
aUccepTalus HUIuga WIK O0op yMmMymuil (a3oBUN AJIEKTPOMAarHUT MailioH
KOMILJIEKC HW3JaHunuiap oiaub Oopunrad. CaHoar, 3KCIEpUMEHTal Ba Ha3zapui
WIMUAA-TEKITUPYBIAp YMYMHUH (a30BUI SJEKTPOMArHUT MaWJIOHHUHT MYBTaJWII
UIUIAl UMKOHUATUHM OepyBuM OOIIKApYB THU3MMMJIATH 3aMOHABHUI 3JIEKTPOH
KypujiMacH WINYM TOK [MAMa3oHuJa KypPWIMAHUHT TYpPFyH HIUIAIIMHU
TabMUHJIANIH.

Acocuii WiIMHII HaTHXanap, WINra TAAUIYKIH XyJiocanap Ba Takiaudiap
KyluaaruinapaaH ubopar:

1. Kyu »onekTpoMarHUT UMITyJbCIM TH3UM Ba yMymuid (a3oBuid
AJIIEKTPOMArHUT MaiJIoH OOIIKapyB THU3MMHUHMHI TaKKOCJAIl HATHXKAacura Kypa
Tajgabra TYJIHMK KaBOO OEpyBYM WMITYJIBCIH DJIEKTPOMArHUT MalJOH Ba BUXPIIU
AIIEKTPOMArHUT MaiJIOHJIapura acocjaHraH Oa)kapyBud OJJIEMEHT OOIIKapyB
TU3UMU DKAHIUTH OeNTUIaHIH.

2. baxapyBum yHFOTYBUM 4YyJFaM COJICHOMJAAa DJHEPTus TEOpPaHUIITUHUHT
VMMITYJICJIM DJIEKTPOMArHuT IIAKJIMHA Ba aMIUIMTYJACUHUHT Y3rapMaciWTUHUA
Ta@bMUHJIOBYM THPUCTOPIM YaCTOTa Y3rapTUPruwid OOIMIKAPYB THU3UMU CYBHH
TO3aJall Ba 3apapCU3IAHTUPHUII YUYH UILIA0 YUKUIJIH.
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3. Elektronics Workbench Ba unctpymenrtan mactyp C ++ Bulder épmamuna
OaxxapyBYM DJJIEMEHT OOIIKApPYB TH3UMU KypUIMAcH TaJKUKU HaTHXKaJIapH,
KypuiaMaJaru >kapaCHJIapHU aHUKJIAIITAPUII Ba BHU3yal TEKIIUPUIIL XamJia
TaKOMUJUTAIIITUPUIL UMKOHUSTUHU SIPATIH.

4. bupauk 103a 3JMEKTPOMArHUT MalIOHW KypWJIMAaCHUHHUHI BOJIbT — aMIepIiu
xapakrepuctukacugad, 60 A gan 300 A rava opanukia Ky4IaHHUII MYbTaIUILINA
Oynuo6, ymyMuil Qa3zoBUi 3JIEKTPOMArHUT MaWIOH MILJIAIIM YYyH MOC KeJyBYH
HKAHJIUTU aHUKJIAHTaH. YMyMUi (a3zoBUi 3JIEKTPOMArHUT MalOHIaru KyYJIaHHII
Oy KucMHUJa TOKHUHT Oepwiral KuiimMatura OOFIMK OynMai, ¢dakaTruHa
YUFOTYBYM 4YyJFaM WHIAYKTHUBJIWIU Ba KOHCTPYKTHUB XYCYCHSTIIApUTa XamMJa MUC
CTep>KeHra OOFJIMK DSKAHJIWTA aHUKIAHIUW. YMyMHH (a30BUN 3IEKTPOMATHUT
MaiI0H MYbTaAWII UIIJIAIIN YIYH JIO3UM OYJraH OOmKapyB Ky4JIaHUIIW, TOKHUHT
UIUIall IUana3oHy YYyH aHUKJIAH]IH.

5. baxkapyBuum s1n€MEHT YWFOTYBYM UyJIFAaMHU KE€TMa — KET Ba Mapajuien
yJIaHTAHUJATH SJEKTPOMArHAT KYYHU YHM3WUKJIA MarHUT TH3UMU y9yH XHCOOarl
ycinyou Takiaug stunau. Ymoly ycayOHHMHI MOXUSTH OKMM HJIALTyBYAHJIMKIIAP Ba
TOKJIap HUCOATH, OakKapyBUH AJIEMEHT YUFOTYBYM UyJIFAMUHUHT WHYKTUBJIUTH Ba
¥3apo MHIYKTUBIIUTY YM3UKJIM TEHTJIaMa KYpUHUIIUAA E3UIITaH.

6. YHFoTyBUM 4YylIfaMHU XapaKTEPUCTUKACHUHU HHOOATra OJuO, MUCHUHT
HUCOMIM WYKOTUIIMHUHT MUHUMAUIAIITUPHIN IIAPTUHU YYIFamMIard HMITYJIbC
KYWIAHUIIMHUHT aHUK OWp IIaKIWJariHa TabMHUHJIANI MYMKWHJIUTH aHUKJIAH]IH.
VYHFOTYBUM 4YyJFaM MUCJArd SHEPTUSHUHT HUCOMM NYKONWIIMHU MHUHHMAJITa
KEJITUPHUII YIYH 3JEKTPOMArHUT TU3UMUIArd HOJJAH (hapkin (Haon Kapiuiukin
Ba OXUPTYd KUAMATIU WHyKTUBIIUKKA 3ra OYJIraHua TOKHUHT UMITYJICH KBaJpaTh
Ba MHIYKTUBJIMKHHU BakT OyilMua XOCHJIACHHHMHI MIAKIM OYHuYa yXimam OYaumu
IapTy aHUKJIAH]H.

7. Ymymuil (pa3zoBuil 3M€KTPOMArHUT MaiJ0OH OOLIKapyB peasl TU3UMHU yUyH
VHUHT MEBUEpUM WII PEKUMUHUA TabMHUHJIOBYM TU3UMHUHT TYpPFYHJIUTH,
TYPFYHINK 3aXMpacH Ba YTKMHUM JKapaéHIapu TaaKUK STHIM. YTKA3WIraH
TQIKUKOTIAp YMyMHH (pa30BUN JJIEKTPOMArHUT MalgoH OOLIKApyB THU3UMHU
JMHAMUK pexuMIa Kyimiran 6apya TanadiapHu KOHIUPAIH.

8. VYmywmwuii ¢azoBuil 3JIEKTPOMATHUT MaMJAOH OOIIKAPYyB  THU3UMHU
KYPWIMACUHUHT MyXTAJIWTUHU aHUKJIANl YYyH XHCOOJall aJropuTMH HUILIad
YUKWJIAM, YHUHT aCOCUa MyXTAJTUKHUHT MUKJIOPUN TaCHU(IIApUHU SKCIUTyaTaIus
)apa€Hua XaM aHUKJIall IMKOHUSTH Haiao OV,

9. Nmuma® uywmkmnran HamyHa, Camap crannumscu asparust CCA T'YIIT
«CyBco3» TO3anall MHIIOOTHIA CUHOBAAH yTKazuiaau. CaHoaT HAMyHacH KOJUIU-
WHJIeKCHU aMaiia 99 gousraya kaMmanTupam.

10. Aparunran ymymuii pa3zoBuil AIEKTPOMAarHUT MalOH OOIIKApYyB TU3UMU
KypWIMAacH, TEXHHUK CHHOBJIAPUTA Kypa, aCOCUI KypcaTKuujaapu OYinda MaBxKyl
KypwiManapaH  ycTyH Oynu0, kymnanwnumuaa nyxtamura 1,4 Gapobap,
doiinanu wm kodpdunmentu 20 ¢owusra, CyBHH 3apapCUCIAHTUPHO HUILIA0
YUKAPUII XaM/la UIIan MyxJjiata 2 6apobapra opTau.
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YMmymuii  ¢$azoBuil SJIEKTPOMArHUT MaWJOH OOIIKAPYB THU3UMH TaJIKHUKOT
HAaTWKAJIAPUHU JKOPUM KWIMLIAAH OJIMHAJUIaH WKTHCOAUN caMapaJopIiuK,
Wunura 67 MITH. CYMHHM TAIlIKHJT OT/IH.

[ynnait kuauO, WIIla KEATUPWITaH SHICM WIMUN XOJaTJIapHU Hazapuil
YMYyMIIAIITUPHUII Ba aMajiUETra >KOPUM KWIMII acocuaa yMyMuid Qa3zoBuid
ANEKTPOMArHUT MaiI0H OOIIKapyBH THU3MMHMHHM HUUIA0 YMKHUII OyiHYa Xaik
XYKaJIUTU axaMusTUra 3ra Oyjarad MiMpuK MyaMMO €4HJITaH.
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HAYYHBIN COBET IO MPUCYKJAEHUIO YYEHOHW CTEINIEHU
JOKTOPA HAYK 16.07.2013.7T.02.01 ITPU TAIIKEHTCKOM
IN'OCYJAPCTBEHHOM TEXHUYECKOM YHUBEPCUTETE U
NHCTHUTYTE DQHEPTETUKN U ABTOMATHUKH

TAIIKEHTCKUAN UHCTUTYT UH)KEHEPOB
KEJE3HOAOPOKXHOI'O TPAHCIIOPTA

NBPAI'MMOBA O30JJA ABAYJIBXAKOBHA

YCTPOMCTBA CUCTEM YIIPABJIEHUS EJJMHBIM
HNPOCTPAHCTBEHHbBIM 3JIEKTPOMAI'HUTHBIM ITOJIEM

05.01.06 — DyieMeHTBI M YCTPOICTBA BHIYUCIUTEIbHONH TEXHUKH U CHCTEM yIIPaBJIeHUA
(TeXHMYEeCKHEe HAYKH)

ABTOPE®EPAT JOKTOPCKOM TUCCEPTAIIIN

Tamkent — 2016
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Tema mokTOpCcKOi AUccepTaMM 3aperucTpupoBana 3a Ne 12.05.2015/B2015.1.T466 B
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BBEJIEHUE (AHHOTAUsA JOKTOPCKOM IUCCEPTALIUM)

AKTYaJIbHOCTh M BOCTPeOOBAHHOCTh TeMbI JuccepTamuu. B Hacrosmiee
BpEMs YCKOPEHHOE pa3BUTHE HOBBIX TEXHOJIOTHH IO BCEMY MHPY YCHUIUBACT
BOCTPEOOBAHHOCTh WCITOJIB30BaHUS YCTPOWCTB CUCTEM yIPaBJICHHS
AJICKTPOMArHUTHBIM TIOJIEM, B TIPOIIECcCax MPOU3BOJICTBA MIOBCEIHEBHO.

B wMupoBom wmacmtabe, B Hacrosiiee BpeMs ~— OKOJO 2-3 MpoleHTa
(4,7-71-10"kBr-uac) BbIpabATHIBAEMOM AICKTPOIHEPTUN TPATHTCS HA OUHUIICHUEC
CTOYHBIX BOJI, 00€33apa’KUBaHUIO U 00€CCOTMBAHUIO BOJIBI.

PanronanbHOE MCTIOIB30BaHME BOJHBIX PECYPCOB MO BCEMY MHUPY, & UMEHHO
MMUTHEBOU, MPOU3BOJICTBEHHOW, KOMMYHIBHOM, XO3IMCTBEHHON M CTOYHOM BOJbI,
MOBBINICHUE €€ KAa4eCTBa, TEXHOJIOTHS OYMINEHUS U 00e33apaKUBaHUS SIBISETCS
aKTyanpbHOW mpoOsemoni. B Mupe, B Hacrosmiee BpeMs OKojio 35 mporeHTa
CTOYHBIX W TIUTHEBOHM BOJBI HEOOXOJWMO OYMINATh, O00€33apakuBaTh U
obecconmuBaTh. B 9TOM CBSI3W palMOHAIBHOE HCMOJb30BAHUE MHUTHEBOMH,
KOMMYHAJbHOW ¥ TIPOM3BOJICTBEHHOW, CTOYHBIX BOJ, VYIIY4IICHHE KadecTBa
nepepadOTKH, OYHIIECHUS U 00e33apaKUBAHUS C TTOMOIIBIO TEXHHYECKUX CPEICTB
U TEXHOJIOTHH, YyCOBEPIIEHCTBOBAHUE KOMILJIEKCHBIX MEPOTPHSIITHHI SBIISTFOTCS
NPUOPUTETHBIMU 3ajadyaMu. OJHUM M3 OCHOBHBIX 3a7a4 HApOJHOTO XO3siicTBa
ABIJIIETCSI CO3/IaHUE YCTPONCTB MO 00€33apaKMBaHUIO M OOECCOJIMBAHUIO BOJIBI C
OOJBIION TMPOU3BOJUTEIBHOCTEIO M KOA(D(PHUIIMEHTOM TIOJIE3HOTO JEHCTBUS,
OOJIBIION HAJIEKHOCTHIO U DHEProcOEpeKEHUEM, YTO ITO MPUOOpPETaeT BaKHOE
3HAauYCHUE.

B cBsf3m ¢ 3TMM, MO CyHIECTBYIOIIMM TEXHOJOTHSM PEareHTHBIE METObI
OUYMULIEHUS U 00€33apakKUBaHUs SBISIOTCS JOPOTOCTOSIIMM U Mao3((PEKTUBHBIM,
B HUX BOJla HEIOCTATOYHO OYMINACTCS M 00e33apa’kUBACTCs, HE 00ECIeUNBACTCS
BBICOKAss HAACKHOCTh M OJKOHOMHYeckas dddextuBHOCTh. Hcexonms wu3
MEPEUYNCIICHHBIX  TIOJIOKCHUH,  IEJIeCO00pa3HbIM  SBISICTCS ~ HM3y4YCHHE,
WCCJICIOBAHNE YCTPOMCTB CHUCTEM YIIPABICHUS EIUHBIM TPOCTPAHCTBEHHBIM
ANIEKTPOMAarHUTHBIM  MosieM. Ha ero ocHoBe NPOU3BOAUTCA OUHUILEHUE,
o0e33apakrBaHue, 00€CCONIMBAHUE U ONPECHEHUE BOJIbI, KOTOPOE OOECIICUMBAET
HHEProcOepekeHrne,  BBICOKYIO  HAJIEKHOCTh,  MPOU3BOAMTEIBHOCTh, U
YHUBEPCAIBHOCTb, YTO SABJISIETCS BEChbMa aKTyaJIbHBIM.

B srom mmaHe 0coOBIf  WMHTEpPEC  MPEACTABISET  BHEAPCHHE U
COBEPIIICHCTBOBAHNE HAyYHO 0OOCHOBAHHBIX TEXHOJIOTHI 0OpaOOTKM M aHaIM3a
CIIOCOOOB OYMCTKH, O0e33apakMBaHUS W OOCCCOJMMBAHMS BOJBI Ha OCHOBE
UMITYJIbCHOTO W BUXPEBOTO AJICKTPUYECKOTO, AJICKTPOMATHUTHOTO, MAarHUTHOTO,
IPAaBUTAIIMOHHOTO W KPYTSIIETO BUXPEBOTO TIOJNICH YCTPOMCTBAMH CHCTEM
YIPABJICHUS SIUHBIM ITPOCTPAHCTBEHHBIM AJICKTPOMATHUTHBIM TIOJIEM.

JlaHHOE JTUCCEPTAIIMOHHOE HMCCIICIOBAaHUE B OINMPEACIICHHON CTEIICHH CITY)KHT
JUIsL BBIMIOJTHEHUs 3a7aun ykazaHHOM B [locranoBnenusix KaOunera MunuctpoB
PecniyOnuku Y306ekuctan «YCOBEpIICHCTBOBAHUE CHUCTEM YIIPABJICHHS BOJIHOTO
obecnieuennsn», Ne320 ot 21 wmrong 2003 r. 1 «O0 PKOHOMUYHOM HCIIOJIL30BAHUU
BOJHBIX pecypcoB», Nel83 ot 14 anpens 2004 r.
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CooTBeTCTBHE HCCJIETOBAHUS NMPHOPUTETHBIM HANPABJIECHUSIM Pa3BUTHS
HAYKHM U TeXHOoJIoruil pecnyOauku. {uccepraius BbIIIOIHEHA B COOTBETCTBUU C
MPUOPUTETHHIMU HANPABJICHUSAMHU pa3BUTHS Hayku W TexHosmormm  [ITH-3 —
«JHEpreTuKa, DJHEPro - pecypcocOepexeHrne, TPaHCIOPT, MAIIUHO- U
pUOOPOCTPOECHUEN .

0030p 3apy0e:KHBIX HAYYHBIX HCCJIEIOBAHUI 110 TeMe THCCePTAUM.
HccnenoBanusi, HaNpBICHHbIE HAa pEIIEHUE AKTyaJbHBIX 3aJad MO pa3paboTke
COBPEMEHHBIX 3JIEMEHTOB U YCTPOMCTB JIsl CUCTEM YMNPABIEHHUS MO OYUCTKE U
o0e33apaXMBaHUIO  BOJIbI  3aHUMAIOTCS MHOTHUE 3apyOexHble (UPMBI |
yHUBepcuTeThl, B yacTtHocTd, Scientifically research university General Elektrik,
Indiana Water Resources Research Center, Sea Tech .Inc, Watts Water
Technologies. Inc (CIIA), Company of Chint (Kurait), Company of SALHER,
GE Automation (I'epmanms), Centre of science Mitshubishi (FOxnas Kopes),
Centre of science HAWK (Bemukoopuranus), OOO «AkBadop-Tpeiauary,
Byreni epro (Poccust), Corporation of Honeywell, Wonderwage (I"omnanmus),
MOXABB ([lanusi), a Takxe B APyrUX CTpaHax, HAYYHbIMH LIEHTPAaMU, BBICIIUMU
00pa3oBaTeIbHBIMU YUPEXKACHUSIMH, HAYYHO-UCCIEOBATEIbCKUMU UHCTUTYTAMU,
INPOBOJATCA  IIMPOKOMACIITAOHBIE  HAYYHO-TEXHUYECKHE  HCCIIEOBaHUS,
pEe3yAbTaThl BHEIPSAIOTCS HA MPAKTHUKE.

YcTpoiicTBaMu CUCTEM YIIPABJIEHUS AJIEKTPOMArHUTHBIMU MOJIIMU B Pa3BUTHIX
CTpaHaX, Hay4YHO-HCCJIEJIOBATEIbCKUMU I[EHTPaMU, YHHBEPCUTETAMH, HAy4YHO-
UCCIIEIOBATEIb,CKUMH HMHCTUTYTAMU IO CO3JaHUI0  TEXHMYECKUX CPEACTB U
TEXHOJIOTUM OYHMCTKH M 00€33apaKUBAHUIO0 BOABI TOJNYYECHBI CIEAYIOIINE
pEe3yNbTaThl: IS OYHUIICHUS CTOYHBIX BOJ| pa3padOTaHbl CTEKIIO-apMaTypHBIC
MOJIMMEPHI, MEXAHUYECKUE PEIIETKU, OTCTOMHUKH, CENTUKU U MajaoradapuTHbIC
CTaHIIMMA JUIS TPOM3BOJCTBEHHO KOMMYHaJIbHBIX  xo3siicte (Company of
SALHER, I'epmanus); mpeaiosKeHbl YIIPaBJISIONas MUKPOTIPOIIECCOPHAs CUCTEMA
UL KOHTPOJIsE (DUIIBTPALIMK MUTHEBOW BOJBI, SJEKTPUUYECKUE MPEoOpa3oBaTENH C
YCOBEPILIEHCTBOBAHHBIMU ~ MarHuTHeiMM napameTpamu (Poca uentp, OAO
«Kounsepcusi», Poccust), MOXABB (/lanus); co3mana cucteMa OYHMCTKU BOJBI Ha
OCHOBE TEXHOJIOTUH YyibTpaduoneroBoro wusnydenus (Byreni epro, Poccus);
pa3paboTaHbl HOBBIE METOJIbI MOATAITHOM OYMCTKU CTOYHBIX KOMMYHAJIbHBIX BOJI
IPUMEHHUTEIRHO I opocuTelbHbIX pador (Indiana Water Resources Research
Center, CIIIA).

[IpoBonATCS TPUOPUTETHHIE HAYYHO-HCCIEIOBATEIbCKUE PAOOTBI IO
mpoOJIeOHBIM HAIPABJICHUSAM: OYHCTKH, 00e33apakMBaHUs M 00eCCOIMBAHUS
MPOM3BOJCTBEHHO-KOMMYHAJIBHOW, CTOYHOM, OBITOBOH W THUTHEBOM BOJBI C
MIOMOIIBI0  YCTPOMCTB CHUCTEM YNPABJIEHUS E€IUHBIM IPOCTPAHCTBEHHBIM
AJIIEKTPOMATrHUTHBIM TIOJIEM, HEMOCPEICTBEHHO IO HAIPaBJICHHBIM TpyOam, Te
BOJIHBIC TIOTOKH OJTHOBPEMEHHO OYMINAIOTCS U 00€33apaKUBAIOTCA, a TAK)KE B HUX
YHUAUYTOXKAIOTCSI BUPYChl U MUKPOOBL.

CreneHb  M3y4YEHHOCTH MNpoOJeMbl. AHaIM3  HAYYHO-TEXHHYECKOMN
JUTEpaTypsl MOCIEIHUX JIET IO JAaHHOMY HAIPaBJIEHUIO MOKAa3bIBAET BO3POCIIUN
UHTEpEC K pa3pabOTKEe TEXHUYECKUX CPEJICTB M TEXHOJOTUH HSHEPreTUYeCKOn
3 ()EKTUBHOCTH MO OUKMCTKE, 00€33apaKUBAHUIO CTOUYHBIX U MMUTHEBOU BOJIBI.
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[IpoGneme »HeprocOepekeHUsT W dHepreTudeckoi A(HPEKTUBHOCTH TIO
OUHCTKE, 00€33apaKMBAHUI0 W O00ECCONMBAHUIO CTOYHBIX W TUTHEBOH BOIBI
MOCBSAIIEHR MHOTHE Hay4YHble TpyAbl. BO BCceM Mmupe B pPa3BUTHIX CTpaHAX
pa3padaThIBAIOTCS W BHEIAPSIOTCA DSJICKTPOXUMHUUYECKHE, DIEKTPOQIOTAIIMOHHBIC,
aneKkTpodopes3, IIEKTPoaArysiiusa, o0padoTKa YJIbTPAKOPOTKMMHU BOJHAMH TOKa
METO/JIbl U TEXHOJIOTUU OYUCTKU CTOYHBIX U MTUTHEBOUW BOJbI. ITOMY HAIPABICHUIO
TEOPETUYECKUX U MIPAKTUUECKUX 3a/1a4 MOCBSAIIEHBI MHOTO MOHOTpaduii, Hay4YHBIX
COOPHUKOB U CTaTEH.

Jlist perieHust JaHHOM MpoOieMbl OOMBIION BKIJIAJl BHECIM yYEHBIE PAa3HBIX
cTpaH, a uMenHo: Taniewska-Osinska Stefania, Palecz Bartlomiej, Anthony J.
Whetltr, Kanarev Ph.M., FO.Il. Paccankun, B.B. Cunmopenko, M.B. BoOsipsb,
B.C.Tutos, C.I'. EMmunesuoB, A.A. Illesakos, P.B. fxosneBa, M.A. Kanses, B.B.
KopoOkuHn, A.I1. Kyxopenko u npyrue.

Hapsiny ¢ 3apyOexHbIMH yYeHBIMH OOJBIION BKJIAaJ B PEIICHWW JTaHHOU
3alayd BHECIM Y4YEHble Hamleil cTpaHbl, a uMmeHHO: A.P. PamxaGos, M.M.
N6parumoB, A.C. benpumeB ©  JApyrHe 1O  TEXHOJOTMHM  OYHMCTKH
o0e33apaXrBaHUI0 U 00€CCONMBAHUIO BOJBI B CEIBCKUX MYHKTaX C MPUMEHEHUEM
AJIEKTPO U MAarHUTHBIX Bo3zeicTBUil. Ho Hay4HbIe uccae0BaHUsI 110 TOBBIIICHUIO
7 (HEKTUBHOCTH OUHMCTKH, 00€33apaKUBAHUIO U 0OECCOIMBAHUIO CTOUYHBIX BOJ 0€3
NPUMEHEHUS! PEareéHTOB MPU TMOMOIIM YCTPOWCTB CHUCTEM YMPABICHUS €IUHBIM
MPOCTPAHCTBEHHBIM  AJIEKTPOMATrHUTHBIM  TOJIeM TPeOyIOTCs  MOCIEAYIOIINe
JOTIOJIHUTEINIbHBIE UCCIIEIOBAHMUS.

Kpome Toro, mpu cucTeEMHOM aHalIM3€ HAYYHO-TEXHUYECKUX MCCIEAOBAHUM,
MPUMEHEHUE YCTPOMCTB CHUCTEM YIPABIEHUS JUIsl OYMCTKHU, 00€33apaKuBaHUs U
o0eccoNMBaHusl CTOYHOM W TIUTHEBOW BOJBI C JHEPrOCOEPEKEHHEM, BBICOKOU
HAJIS)KHOCTHIO, C OOJIBIIION MPOW3BOAUTEIPHOCTEIO HE TMPOBEIEHBI JOCTATOYHO
UCCIIEIOBAHUM, a METOJbl PEIICHUS MPAKTUYECKUX MPOOJIEM HE OTPaXKEHbI Ha
JOJKHOM YPOBHE.

CBsi3b TeMBbI JUCCEPTALMM € IUIAHAMHU HAYYHO-HCCJIe0BATEIbCKUX
padoT BbICHIEro Y4e0HOrO 3aBelleHHMS W HAayYHO-HCCJIeJ0BATEIbCKOI0
yYUYpe:KIeHusi, I/le BbINOJHeHa auccepramusi. JluccepranmoHHas pabota
BBIMIOJIHEHA B COOTBETCTBMM C IUTAHOM HAYYHO — MCCIIEIOBATEIbCKUX pPadboT
TamkeHTCKOro MHCTUTYTAa WHXKEHEPOB JKEJIE3HOJOPOKHOTO TpaHCIOpTa U
oTpaxeHbI B npoekTax: x/1 Ne86 «KomrmiekcHas cucreMa o0e33apakiuBaHUS BOJIbI
AMEKTPOMAarHUTHEIM  mosiem»  (2004-2006rr.); x/m Ne 98 «M3roroBneHue
MPOMBIIICHHOTO 00pa3lja KOMIUIEKCHOM CHCTEMbI 00€33apa’KUuBaHUs BOJbI
MarHuTHbIM nojem» (2007-2008rr.).

Heap ucciieoBaHus SIBISETCS CO3JaHUE YCTPOWCTB CUCTEM YIPaBJICHUS
CAVHBIM  TMPOCTPAHCTBEHHBIM  DJICKTPOMAarHUTHBIM  TOJEM IS OYUCTKH,
o0e33apakuBaHus1, 00€CCONMMBAHUS CTOYHBIX U MUTHEBOU BOJIBI.

Jlnst  mocTkeHus H3TOW 1enu  c(hopMyJIHpPOBAHBI CIEMYIONIUE 3aJadu
HCCJICTOBAHUSA

pa3paboTka UMITYJbCHBIX CHCTEM W CHCTEM YIPABICHUS ISl OYUCTKH,
o0e33apakuBaHus U 00€CCOTUBAHUS CTOYHOU U MUTHEBOW BO/IBI;
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pa3paboTka HOBOW KOHCTPYKIIMM CHUCTEMbI VIPABJICHHUS ISl OYHCTKH,
o0e33apakMBaHUSg CTOYHOM MW IHThEBOM BOJABI HA OCHOBE  CIMHOTO
MPOCTPAHCTBEHHOTO 3JIEKTPOMArHUTHOTO TOJIS;

MPUMEHEHUE YCTPOUCTB CHUCTEM YMPABICHUS €IUHBIM MPOCTPAHCTBEHHBIM
AIIEKTPOMArHUTHBIM TOJIEM;

OMpE/ICNICHHE TMMapaMeTpPOB OOMOTKH BO30YXKJIEHHS HCIOJHHUTEIHHOTO
AJIEMEHTa CUCTEM YMpPaBJEHUS €IUHBIM MPOCTPAHCTBEHHBIM AJIEKTPOMArHUTHBIM
MOJIEM;

UCCIEOBAHUE W TIPOBEACHUE CPABHUTEIBHOIO aHAJI3a OCHOBHBIX
XapaKTEePUCTHUK CUCTEM yIpaBJICHUS €ANHBIM MIPOCTPAHCTBEHHBIM
AIEKTPOMArHUTHBIM TOJIEM;

O0bexkTOM HCCIeI0BAHUS SBISIOTCS YCTPOWCTBA CHUCTEM YIPABJICHUS
€UHBIM IPOCTPAHCTBEHHBIM 3JIEKTPOMATrHUTHBIM IOJIEM.

IIpeamer wuccieq0BaHUsI: TEXHOJOTHMH MO pPa3pabOTKH W HCCIEIOBAHUIO
YCTPOMCTB CWJIOBBIX  HMMITYJIbCHBIX, CUCTEM  YINPABJICHUS  €IUHBIM
MPOCTPAHCTBEHHBIM 3JICKTPOMArHUTHBIM MOJIEM JUIsl OUUCTKHU, 00€33apakuBaHus U
00ecconrBaHus BOJBI.

MeTtoab! ucciaenoBanms. B nuccepraiimonHoi paboTe UCTOJIb30BaHbI TEOPUS
ANEKTPUYECKUX U MArHUTHBIX LENE, TEOpHUs HANEKHOCTH TEXHUYECKUX CUCTEM,
TEOpUSl YCTOMYMBOCTH YHIPABJISAIOIMIMX CHCTEM, DSKCIEPUMEHTAIbHBIE METOMAbBI
MCCIICIOBAHUM, a TAaK)KE€ METOJbl MATEMAaTUYECKOW CTATUCTUKHU. AHAIUTHUYECKUE
METO/Ibl 0a3UPOBATKMCH HA COBPEMEHHOU TeOpHH (yHKIIMOHATHHOU SJEKTPOHUKH,
MOJIYIIPOBOJHUKOBOM ~ BJIEKTPOHMKHM M  MAaT€MaTU4YECKOW CTaTUCTUKU. s
MOCTPOEHUSI  TpaUKOB  HMCHOJNB30BAIUCH  psAasl  Dypbe U DIEMEHTHI
nporpamMmupoBanus. Mcmonp3oBaHBl mporpamMMHble  mpoaykThl  Electronics
Workbench u C*™ Builder B mpomecce uccienoBaHusi cXeM CHUCTEM YIIPaBIICHUS,
AIEKTPOMArHUTHBIX MPOLIECCOB U HAC)KHOCTH.

HayuyHasi HOBU3HA HcC/IeI0BAHUSA 3aKIIIOYAETCS B CIEAYIOIIEM:

pa3paboTaHbl KOHCTPYKTHBHBIE CXEMbl YCTPOMCTB CHCTEM yIpaBJICHUS
TUPUCTOPHBIMU TIpeoOpa3oBaTEISMU YaCTOTHI IS YCTAHOBKU OYHUCTKH H
00e33apakuBaHUs BOJIbl UMITYJIbCHBIM JIEKTPOMATrHUTHBIM TOJIEM;

BIIEPBbIE pa3paboTaHbl YCTPOMCTBA Oe3peareHTHOMN OYMCTKH,
o0Oe33apakvBaHusi,  OOECCOJMMBAHMSI W ONPECHEHUS  BOJbl  E€JUHBIM
MIPOCTPAHCTBEHHBIM 3JIEKTPOMATHUTHBIM MOJIEM;

TEOPETUYECKH OOOCHOBaHA BO3MOXKHOCTH OOpa3oBaHMs U MPAKTHUECKOU
peanu3aiu €MHOTr0 MPOCTPAHCTBEHHOT'O MOJISI C B3aUMOAEHCTBUEM UMITYJILCHOTO
MPOJOJIBHOIO 3JIEKTPOMArHUTHOTO TIOJSl, UMITYJIBCHOTO 3JIEKTPUYECKOIrO MOJIs,
BpAIAIONIETOCS SJIEKTPOMATHUTHOTO U TPABUTAIIMOHHOIO MOJIEH;

BIIEpBbIE  pa3pabOTaHbl  yCTPOMCTBA  CHUCTEM  YIPABICHUS  €AUHBIM
MPOCTPAHCTBEHHBIM  BPAIIAIOUIAMHUCS  DJIEKTPOMArHUTHBIM nojeM s
o0e33apakrBaHusi, 00ECCONMBAHUSA BOABI C TNPOJOJBHBIMU UM TONEPEYHBIMU
0OMOTKaMH BO30YXICHUS;

pa3paboTaHa TpexdaszHas cucreMma yIpaBJIeHUs HUMITYJIbCHBIM
AIIEKTPOMArHUTHBIM MOJIEM AJI YCTPOMUCTBA 00ECCOTMBAHUS BOJIBI.

IIpakTHyeckue pe3yabTaThl HCCACAOBAHMH 3aKIIIOYAIOTCS B CIEAYIOIIEM:
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CO37laHbl  COBPEMEHHBIE  yCTPOMCTBA CHUCTEM  YIPABJICHUS  €IMHBIM
MPOCTPAHCTBEHHBIM 3JIEKTPOMATHUTHBIM TOJIEM, TO3BOJISIFOIIUM TOBBICUTH B 2
pa3a IPOU3BOJAUTEILHOCTh 00pPaOOTKH BOABI M CPOK CIIYkKObI, HAEKHOCTH B 1,4
pa3za, kodhpunueHT mojae3Horo AeicTBus Ha 20 MPOIICHTA;

pa3paboTaHbl yCTPOMCTBA CHCTEM YIPABICHUS €IUHBIM MPOCTPAHCTBEHHBIM
AIEKTPOMArHUTHBIM TOJIEM C OONBIIMM KOA(DPUIIMEHTOM MOJIE3HOTO JIEHCTBUS U
HAJICKHOCTBIO, KOTOPBIE MCKJIIOYAIOT HEIOCTaTKU CYHIECTBYIOIIMX CHUCTEM I10
o0e33apaXMBaHUIO, OYUCTKE M OOECCONMBAHWIO BOJBI M MPEIIOKCHHAS
TEXHOJIOTHSI IOCTOBEPHO CHUXKAET KOHIIEHTPAIINIO B BOJiE (heHO0JIOB Ha 70 MPOIICHT,
OenzonupeHa Ha 96 nporueHt, HedTenpoaykToB Ha 40 MpoLeHT, 00e33apaKUBaHUE
BOJIBI 110 KOJUTH-UHACKCY Ha 99 mporeHT u odmiee MukpooHoe uuciio (OMUY) na 97
MPOIICHT;

pa3paboTaH OCHOBHOM MCTOYHHK MUTAaHUS YCTPOWCTB CHUCTEM YIPABIICHUS
€AMHBIM TPOCTPAHCTBEHHBIM D3JIEKTPOMArHUTHBIM TIOJIEM, KOTOpPHIE HMMEIOT
MOJIOTOMAAIONIYI0 XapaKTEPUCTUKY C KPYTOMAJAIONIUM XBOCTOBBIM Y4YaCTKOM,
OTPaHUYMBAIOIINN MaKCUMAaJIbHBIA TOK KOPOTKOTO 3aMBbIKaHUSI;

paspaboTana TpexdazHas cucrema yIPaBJICHUS UMITYJIbCHBIM
ANIEKTPOMArHUTHBIM  TOJIEM  JUIsl  YCTPOMCTB  O€3peareHTHOM  00paboTKh
00ecCOMMBaHUs BOJbI, KOTOpasi 00ECIEUYNBAET MOBBIIICHNE MPOU3BOIUTEIHHOCTH
00pabOTKH BOJIBL;

NPEJIOKEH AITOPUTM pacdeTa HaJleKHOCTH YCTPOMCTB CHUCTEM yIpPaBICHUS
€AMHBIM MPOCTPAHCTBEHHBIM BPAIAIOMIUMUCS DJIEKTPOMArHUTHBIM  TIOJIEM C
Y4YETOM BIIMSHHSI TEMIEPATyphl, BIAKHOCTU U COJHEYHOW paJualliM, KOTOpbIE
MO3BOJISIIOT OMPEAENIUTh KaueCTBEHHBIE XapaKTEPUCTUKH HMX HAJEKHOCTH TpU
HKCILTyaTaIHH.

JlocToBEepHOCTH pe3yJbTaToOB uccJie10BaAHMSA 000CHOBBIBACTCSI
MPOBEJICHHBIMA W TIOJYYCHHBIMH  PE3yJbTaTaMH  IOJHOMACIITA0OHBIX
TEOPETUUYECKUX M BBIYUCIHUTEIBHBIX JKCIICPUMEHTATBLHBIX HWCCICIOBAHUA W WX
B3aMMHOM COTJIACOBAaHHOCTHIO, TPAKTHKOW WX BHEAPEHUS U OOCYXICHHE
pe3ybTaTOB HMCCIICIOBAHUM HA PA3JIMYHBIX HAyYHBIX KOH(MEPEHIUAX, a TaKKe
MyOJIMKAIUSMU PE3yJIbTaTOB UCCIIEAOBAHUM B MPU3HAHHBIX HAYYHBIX JKypHAJIAX.

HayuyHnas u npakTuyeckasi 3HAYMMOCTD Pe3yJbTATOB HCCJIEI0BAHUA.

Hayunasi 3HaUuMMOCTh TOTyYEHHBIX PE3yJIbTATOB UCCIIEOBAHUS 3aKII0YACTCS
B TOM, YTO MPEIOKEH CMOco0 00e33apaKMBaHUS M OYUCTKU BOJBI, OCHOBAHHBIN
Ha TEOPHUU E€AMHOTO TMPOCTPAHCTBEHHOTO TMOJIA, C HCIOJBb30BAHUEM MOJOKEHUS
TEOPUU DIIEKTPOMATHUTHOTO TIOJsI, KOTOpas MpeayCMaTpUBaeT HETUHEHHYIO
3aBUCUMOCTh MEXAaHHYECKOTO HSKBHUBaJIeHTa JHepruu mnojs. C  MOoMOIIbIO
NPEIJIOKEHHOTO ~ MEXaHMYECKOTO  HDKBHBAJICHTA  OSHEPIMM  TMOJS  MOXKHO
paccuMThIBaTh BCE M3BECTHBIC B3aUMOJICHCTBUA: CHJIbHBIE U  cla0bie
AJNIEKTPOMArHUTHBIE W TpaBUTAMOHHBIE. [Ipe/uiokeH NPUHIUIT TOCTPOEHUS
WCTOYHUKA THUTAHUS I CHUCTEM YIOPABJICHHS  YCTPOMCTBOM  €IIMHOTO

MPOCTPAHCTBEHHOTO JICKTPOMArHUTHOTS 1MoJIs. BBIABICHO, UTO IPU MaJbIX TOKAX,
XapakTepUCTUKAa YCTPOWCTBA €AMHOTO NPOCTPAHCTBEHHOI'O IMOJS  UMEET
MaJalvil BU, IPU BO3pACTaHUM TOKA HANPSKEHUE HA YCTPOICTBE Majaaer. IToO
HE0OXOJMMOE CBONCTBO YCTPOMCTBA €IMHOTO MPOCTPAHCTBEHHOTO TOJsA  OBLIO
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UCIIOJIb30BAaHO TMpHU pa3paboTKe YCTPOWCTB cucteM ynpasieHus. OOOCHOBaH U
OIPEJIENIEH OCHOBHOM MCTOYHHK MTUTAHUS YCTPOUCTB €MHOTO MPOCTPAHCTBEHHOT'O
MoJisi, KOTOPBIA MMEET IMOJOrONaJaloNlyl0 XapaKTEePUCTUKY C KPYTOMAJaroluM
XBOCTOBBIM ~ YYacTKOM, OIPAaHMYMBAIOMIMN MAaKCUMaJlbHBIA TOK KOPOTKOTO
3amplKaHust. OnpeneneH ydacTOK BOJBTAMIIEPHOW XapaKTEPUCTHUKH, KOTOPBIN
ABJIAETCS pa0OYMM yHYaCTKOM HAIpsSKEHUs U HauOoJee MOAXOASIINUM AJi1 pabOThl
YCTPOMCTBA €UHOTO MPOCTPAHCTBEHHOTO TOJIS.

[IpakTudeckasi IEHHOCTh Pa0OTHI 3aKJIIOYAETCS B TOM, YTO IMPHU NPUMEHEHUH
YCTPOMCTB CUCTEM YIPABIECHHSI €IWHBIM IPOCTPAHCTBEHHBIM AJIEKTPOMArHUTHBIM
noJjieM sl 00e33apakuBaHusl, 00ECCOMBAHMSI, OUUCTKA U ONPECHEHUS BOJIbI HA 0a3e
CUCTEM YIPABIECHHS €IMHBIM MPOCTPAHCTBEHHBIM IIOJEM PACXOZ 3JIEKTPOIHEPIUU
3aTpauyrMBacMas Ha TEXHOJOTMYeCKUd mpoliecc ymeHnbmaercs a0 10-tu  pasa,
HaAEXKHOCTh yBenmunBaeTcss Ha 40 mpoueHToB U K..ja Ha 20 mpoueHToB. Bcé 310
o0ecneyrBaeT ero MPEeBOCXOJCTBO MO OCHOBHBIM TEXHHUYECKMM IapaMeTpaM M JaéT
OTIpe/ICIEHHBIN S5KOHOMHYECKUH 3PPEKT Mpyu BHEIPEHUUH.

BHenpenne  pe3yJbTaTOB  MCCJIEAOBAHUS. HayuHo-nipakTuyeckue
pe3ynbTaThl UCCIEIOBAaHUNA B BUAE Pa3paOOTKU YCTPOWCTB CUCTEM YIPaBIEHUS
€UHBIM TPOCTPAHCTBEHHBIM DJICKTPOMArHUTHBIM TI0JieM BHeapeHsl B AQO
«Y36eKUCTOH TeMup Hysiapu» (akT O IPHHATHU K BHeapeHuto ot 25.08.20157),
(cnpaBka Ne HI'/3893-15 o mnpunaruu k BHeapeHuto orT 15.12.2015r), Ilpu
MIPUMEHEHUU YCTPOMCTBA CHCTEM YNPABJICHUS EOUHBIM IPOCTPAHCTBEHHBIM
AJIIEKTPOMArHUTHBIM TOJIEM HAJIeKHOCTh yBenuuymwiach B 1,4 pasza, kodpduiimeHt
noJie3Horo neicTBus Ha 20 mpoleHTa, MPOU3BOJUTEIILHOCTh 00paOOTKU BOJABI U
CPOK CITy>kObI TOBBICHJIACh B 2 pasa.

CymMmapHasi TomoBasi SKOHOMHUYECKas dS(PPEKTUBHOCTH OT BHEIPEHUN
COCTaBJISIET 67 MJIH. CyM.

AnpobGanusi padorsl. PesynpTaThl ucciemnoBanus anpobupoBanbl Ha 21
HAyYHO-TIPAKTUYCCKUX KOH(EpPEHIHUAX, B TOM 4YHuCIe Ha 12 MEXIyHapOIHBIX
KOH(epeHUUsX, IIKOoJaX U CeMHHapax: MexXIyHapoJHON HayYHO—TIPaKTHYECKOU
koHpepeniuu «HuHoBanus — 2012 u 2014»; (Tamkent, 2012r u 2014r);
Cubupckoro rocy1apcTBEHHOI0 yHUBepcuTeTa mytei coobmenus: (HoBocubupck,
2012r); Ha -Seventh World Conference on Intelligent Systems for Industrial
Automation — WCIS - 2012, WCIS — 2014, b — Quad rat Verlag. — (Tashkent ,
2012, 2014); MexnyHapoaHOH HAyYHOW KOH(EPEHINN «AKTyaJlbHBIE BOIPOCHI
COBPEMEHHOU TEXHHUKHU U TEXHOJIOTHNY, « COBpEMEHHbIE cpeicTBa CBsI3u» (MUHCK,
Pecnybnuka benapyces, 2013r, Poccuiickas ®enepauus (r.Jluneuk, 2013r u
20151); MexayHapoqHOH HaydHO-IpakTH4eckoil koHpepeHuuu (r.Kues.,
2015).

Ony01uKoBaHHOCTH pe3ybTaToB. [lo Teme auccepranuu omyOJIMKOBaHO
40 HayuyHbIX pabot, B ToM umucie — 1 moHorpadus, 19 xypHanpHBIX cTaTel, 3 B
WHOCTPAHHBIX XypHasax u 21 craThs B cCOOpHHKAX MaTEpUAIOB MEXKTyHAPOIHBIX
HAy4YHbIX KOH(PEPEHIIHIA.

O0beM U cTpPyKTypa amccepramum. /luccepraiusi COCTOMT W3 BBEICHUS,
MSATH TJaB, 3aKJIIOYCHHUS, CIUCKA JIMTEPATypbl, MPUIOKEHUH U coaepkuT 192
CTpaHHUII TEKCTa, BKIt0YaeT 60 puCyHKOB U 9 Tabuil.
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OCHOBHOE COAEPXAHUE JUCCEPTALINH

Bo BBeaneHum 000CHOBaHAa aKTyaJbHOCTh  peHIaeMOM  3amauyu U
BOCTPEOOBAHHOCTh TEMBbl JUCCEpTallMU, CGHOPMYJIHMPOBAHBI WEIM M 3ajaud,
BBISIBJIEHBI OOBEKT MW MPEIMET HCCIEAOBAHMS, ONPENEIEHO COOTBETCTBUE
WCCIICIOBAHNSI NPUOPUTETHBIM HANPABICHUSAM pAa3BUTHUS HAYKW W TEXHOJIOTUU
PecniyOnuku  Y30ekucTaH, U3JI0KEHbl HAay4yHass HOBHM3HA M IMPAKTUYECKUE
pe3yibTaThl ~ HUCCIENOBaHUsS, OOOCHOBaHAa  JOCTOBEPHOCTb  IMOJYYEHHBIX
pE3yJbTAaTOB, PACKPBITBI ~ TEOPETHUYECKAass W  MpPAKTUYECKas  3HAYUMOCTH
MOJIYYEHHBIX PE3YJIbTATOB, IPUBEJEH CIIMCOK BHEAPEHUHN B IPAKTHKY PE3YJIbTATOB
UCCJIEIOBAHMSI, a TAKXKE CBEICHMS IO OMyOJMKOBaHHBIM paboTaM M CTPYKType
JIUCCEepPTaLUH.

B nepBoii rimaBe «AHaJM3 YCTPOMCTB CHCTEM YIPABJEHUS UMIYJIbCHBIM
3JIEKTPOMArHUTHBIM I10JIEM» Ha OCHOBE aHajIu3a CYIIECTBYIOIIMX YCTPOMCTB
CUCTEM YIIPABJICHUS WMITYJIbCHBIM JIEKTPOMArHUTHBIM I10JIEM H3Yy4E€HBI BOIIPOCHI
OOIIEero MPEJCTABICHUS O EMHOM MMPOCTPAHCTBEHHOM 3JIEKTPOMArHUTHOM TIOJIE U
CUCTEM YIIPABIICHHS UCIIOJIHUTEIBHBIM 3JIeMeHTOM ycTpoucTs EIIOIL.

N3BecTHBIE cOCOOBI 00PAOOTKHU >KMAKOCTEH M KUJIKOTEKYYUX NPOAYKTOB,
BKJIIOYAIOIIME 00pabOTKY BOABI UMITYJIBCHBIM 3JIEKTPOMATHUTHBIM MOJIEM, UMEIOT
HU3KYIO CTENEeHb 00€33apakKUBaHuUs BOJIbI, MAITYIO IPOU3BOAUTENLHOCTD, OOJIbIINE
YAEIBHBIE PACXO/bI JIEKTPOIHEPTUU.

CpaBHUTENBHBIM ~ AHAJIM30M  CYIIECTBYIOIIMX CIOCOOOB U  YCTPOMCTB
o0e33apaXMBaHUs BOJblI OINpENEeHbl IyTH PEIICHUs MOCTaBICHHOM 3aJayd o
00ECIEUYEHUI0  YBEJIIMYEHHUsS]  BO3JCHCTBHS  DJIIEKTPOMArHUTHOIO  TOJS  Ha
oOpabaTpiBaéMyl0 BOJYy IMyTE€M MPUMEHEHHs IONEPEYHOr0 MarHUTHOTO TMOJI,
CUJIOBBIE JIMHMM KOTOPOTO HAIIPaBJIEHbl NEPNEHAMKYJSIPHO HAIIPABICHUIO
TEUEHHUIO JKUIKOCTH, & TaKKEe BHUXPEBOE JJIEKTPUUYECKOE II0JE, CO34aBAEMbIE
CTEP>KHAMM, HAXOASILIEMCS] BHYTPU U TIOCEPEIUHE ANIIEKTPUUECKOU TPYOBI.

[IpoBeneH CpaBHUTENBHBIN aHAIW3 IMUPOTHO-UMITYJIBCHOIO U (ha30BOro
CIIOCOOOB PEryJIMPOBAHUS HANIPSHKEHUSI HA HArpy3Ke.

Ucxona u3 pesyiabTaToB 0030pa U aHANM3a JUTEPATYPHBIX UCTOUYHUKOB U B
COOTBETCTBHM C TIOCTaBJIEHHOHN IeJibl0, C(OPMYJIMPOBAHBI OCHOBHBIE 3aJa4M
UCCIIEJOBAHUS.

Bo BTopoii rinaBe «Pa3padoTka CHJI0OBBIX 3JIEKTPOMATHUTHBIX YCTPOICTB
eIMHOr0 NMPOCTPAHCTBEHHOI0 MOJIS» PAacCMaTPUBAIOTCS BOMPOCHI pa3pabOTKu
CUJIOBBIX JJIEKTPOMArHUTHBIX YCTPOWCTB €IMHOIO IPOCTPAHCTBEHHOIO IIOJI,
W3YUYCHHIO JIEKTPOMArHUTHOTO YCTPOWCTB: C MCHOJIb30BAHUEM HUMITYJIBCHOIO U
BUXPEBOTO JJIEKTPUUYECKOTO TMOJI; € HCIOIb30BAHUEM DJIEKTPOMArHUTHOIO
AIEKTPUYECKOr0, MArHUTHOIO W T'PaBUTALMOHHOIO IIOJIA; C MCIOJIb30BAHUEM
BPAILAIOIIETOC BUXPEBOTO ITOJIS.

CocraBrieHa KiacCU(pUKALUSA CHIOBBIX 3JIEKTPOMArHUTHBIX HMITYJIbCHBIX
CUCTEM M CHJIOBBIX 3JIeKTpoMarHuTHbIX ycrpoiicts EIIDII (Puc.1).

PaccmarpuBaemoe HaMy CHIJIOBOE JJIEKTPOMATHUTHOE YCTPOMCTBO €IMHOTO
npocTtpancTBeHHOro moJist (YEIIII) oTHOCUTCS K CHJIOBBIM 3JIEKTPOMArHUTHBIM
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MMITYJIbCHBIM CHCTEMaM, IapameTpbl KOTOPBIX U3MEHSAIOTCS IOJ BO3ACHCTBUEM
YIIPABJISIOUIETO YCTPOUCTBA. B 3aBUCMMOCTH OT BHJa UCTIOJIb3YEMOM YHEPTUU

M TUIA SHEPTOHOCHUTENS CHJIOBBIE HMMIYJIBCHBIE CUCTEMbI NOAPA3JEIISIIOTCS HA:
MEXaHUYECKUE, ITHEBMATUYECKHUE, TUJPABIIMYECKHE, 3JIEKTPUYECKUE,
AJIEKTPOTUIPABINYECKHUE, DICKTPOMEXAHUYECKUE, DIEKTPOMArHUTHBIE U APYTHE
KOMOMHUPOBAHHBIE CUJIOBBIE UMITYJILCHBIE CUCTEMBI.

CunoBsie UMITYJIbCHBIE CUCTEMBI

e

Mexanndeckne ITHeBMaTHUCCKH DNeKTpUYecKue I'uppaBnuueckue
DneKTpoMexaH4ecK1e DNeKTpOrupaBiInyecKue ONeKTpoMarHuTHbIE
Jpyrue KOMOMHHUPOBAHHBIC CHJIOBBIC HMITYJICHBIC CHCTEMBI

CunoBsie QJICKTPOMAIrHUTHBIC UMITYJIbCHBIC CUCTCMbI

L /4| T

OnexTpo-
P KnenansHere Jo3atops!
MarHHUTHBIE
HHUTHBIC HACOCHI H CTaHKH

MaIIHHBI
KOMIIpEC-COPBI
YAapHOTO ¥

TIEUCTBUS

DnekTpomar- Bubparopst Ipeccor

Cuii0BO€ HIEKTPOMArHUTHOE YCTPOHCTBA SAMHOTO
npoctpancterHoro moist (Y EITIT)

— / N

DIeKTPOMAarHUTHOE OJeKTPOMarHUTHOE
YCTPOICTBO ¢ YCTPOHCTBO ¢ BHGKTpOI\iIaFHI/ITHOC
UCIOJIb30BAHUEM HCIOJIb30BAHUEM YCTPOMCTBO €
HMITYJIbCHOTO 3JIEKTPOMATHUTHOTO HCTIOL30BAHUEM
3IIEKTPOMArHUTHOTO 3MEKTPHYECKOTO, BpalllaoLerocs
H BUXPEBOTO MAarHuTHOTO H BHXPCBOr'0 MOJLA
SJICKTPUIECKOro TPaBUTALMOHHOTO
nonst noxnst

Puc.1. Kiaccnpukanus cMaoBbIX 371eKTPOMATHUTHBIX MMITYJIbCHBIX CHCTEM

PaccmarpuBaemoe Hamm cusoBoe ssiektpomarautHoe YEIIII oTHOcuTCs K
CWJIOBBIM 3JIEKTPOMAarHUTHBIM HMITYJIbCHBIM CHCTEMaM, IapaMeTpbl KOTOPBIX
W3MEHSIOTCS MOJ BO3JACUCTBUEM YIPABJISIONIETO YCTPOMCTBA U MOAPA3ACISIOTCS
Ha: DJIEKTPOMAarHUTHOE  YCTPOWCTBO C  HMCIOJIB30BAHUEM  HMITYJIBCHOIO
AJIEKTPOMAarHUTHOTO M BHUXPEBOIO 3JIEKTPUUYECKOTO IO, SJICKTPOMArHUTHOE
YCTPOMCTBO C  HCHOJIb30BAaHWEM  JJIEKTPOMArHUTHOIO  JJIEKTPUYECKOTO,
MArHUTHOTO W TPABUTALMOHHOTO TMOJIS,, SJEKTPOMAarHUTHOE YCTPOWCTBO C
WCIMOJIb30BAaHMEM BPAILIAIOIIETOCS BUXPEBOTO TOJIS.
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Kak cBugerenbcTByeT aHamm3 pa3paOOTaHHBIX KOHCTPYKIMH YCTPOWCTB
CUCTEM YMPABJIECHUS UMITYJIbCHBIM 3JIEKTPOMAarHUTHBIM T0JIEM, U3 BCEX BapHaHTOB
crocoba 00e33apaXuBaHusi BOABI HMMITYJIbCHBIM 3JIEKTPOMArHUTHBIM TIOJIEM,
npemaiaraeMoe ycTpouctBo cucteM ympasienus EIIDIT oTBewaer TpeboBaHUSIM
HAJI©)KHOCTH, YCTOWYUBOCTU C OOJBIIMM KOA(P(UIMEHTOM IOJIE3HOrO JACHCTBUS,
MO3BOJISIET PETYJIUPOBaTh JUaINa30H MpeoOpa3oBaHUs UMITYJIbCa HAINPSIKCHUS B
HCIIOJTHUTEILHOM 3JIEMEHTE OOMOTKH BO30YKICHUS.

VYerpoiictBo (Puc.2) coctouT u3 creayromux OJIOKOB U Y3JIOB: CHIJIOBOM
TpaHchopmarop, TMpeodpa3oBaTelib, CHUCTEMa YIPABICHUS, HMCIOJHUTEIbHBIN
AJIEMEHT B BHJI€ OOMOTKHM BO30YXIEHUM, YCTPOMCTBO 00€33apaKMBaHUS BOJbI B
BU/JIC HEMETAJUTMYECKOM TPYObl, UCTIOJHUTEIBHBIN JIEMEHT B BUIE METANINYECKOTO
CTEpP>KHSA, (DIIAHIIBI.

CHINE OH TPAMOd CPRIaT o

BEDCOI 04 TAHEOE 03T g H
TLHEMELS TETAIOHE:

Puc.2. CxemaTuyeckoe nu300paxxeHue KOHCTPYKIUN U 0JIOKOB YCTPOMCTBA
o0e33apaxxuBanus Boabl EITIIT

Hamu NpeIaracTcs croco0 OJTHOBPEMEHHOTO o0e33apakrBaHus,
o0eccojiuBaHusl, W HarpeBaHusi BOJAbl MPOCTPAHCTBEHHBIM 3SJIEKTPOMATHUTHBIM
nosieM. OpOuTabHBIE BJIEKTPOHBI JBYX aTOMOB BOJOpOJia M OJHOrO0 aroMa
KHCJIOPOJIa CO3aI0T BOKPYT Ce0sl CUIILHO HEOJHOPOIHOE AJIEKTprUueckoe mnoiie. Tam,
rJ€ TpajueHT €ero HanpsHKEHHOCTH OOoJibllle, MOXHO paccMaTpuBaTh Kak
OTPULIATENILHYIO 30HY, & TJI€ MEHBIIE - TTOJI0KUTEIbHYIO.

N3BeCTHO, 4TO OTpHULIATEIBHBIC 3aps/Ibl paclojaraloTcs Mo MOBEPXHOCTH. UeM
OoJIbIIIe OTPUIATEIBLHBIX 3aPSAI0B B BOJIC, TeM 00Jiee OHA HACKIIIEHA KUCIOPOIOM.

JIns  HaCBICHWsST  BOABI  OTPHIATEABHBIMH  3apsgaMu  (KHCIOPOIOM)
HCTIOJIB3YETCSI BUXPEBOE AJIEKTPUUECKOE TT0JIe. JIBM)KEHHE OTpUILIATEIIbHBIX 3apsiJIOB
B HEM MPOMCXOJUT MO BUHTOBOM JuHMUU. [loa meldcTBHEM 3TOrO TMOJIS YUCTask BOJA,
HACBIIIEHHAS] KUCIIOPOJIOM, BEIBOJIUTCS U3 pe3epByapa TPYyOHI.
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NHayKiuss MarHUTHOTO TOJII COCTaBIsA€T OKOJO0 6T, 3JIeKTpUYecKoro mosist
okoo 100 B/M. AHaJIOTHYHO MPOUCXOAUT U 00€CCOTMBAHUE BOIBI.

Tsoxenple METaIbl BRIBOAATCS 32 TIPENEThI pe3epByapa TPyObl CrerruaIbHbIM
OTBOJIOM, CHaOXeHHBIM (UIbTpoM. TakuMm 00pa3zom, yepe3 OTBOJ MPOXOIUT TaKKe
yucTas 00ecCoNIeHHasl MUThEBas BOJA.

TernnoBas 3HEprust MpeACTaBiIsgeT coooi (OTOHBI HHPPAKPACHOTO U CBETOBOTO
IUANa30HOB  JJIEKTPOMAarHUTHOIO  u3ilyyeHus. B pesynbrare  AcucTBUsA
UMITYJIbCHOTO 3JIEKTPOMArHUTHOTO MOJISI IPOUCXOUT KaBUTALIMS MOJIEKYJT BOIbI
T.€. 00pa3oBaHKe MOJOCTEH U3 ra3a u Bo3ayxa. B pe3ynbrare yero yBeamynuBaeTcs
BHYTPEHHSISI SHEpPrusi BOJbL, KOTOpas MPHUBOJMWT K YBEIWYEHHUIO TEMIIEPaTypBhl.
[Ipudem npu ManbIX 3aTpaTax 3JIEKTPOIHEPTUU MPOUCXOTUT JOCTATOYHO OOJIBIIIOE
yBEIUYCHUE TEIJIOBOM »JHepruu. Tak, Hampumep, B TPEXMETpPOBOl TpyOe
muametrpoM 200 mm, Temniepatypa ysenununsaercs ot 20° C qo 80° C, npu 3aTparax
aeKTpo3Hepruu 7,2 kJ[K, B TEIJIOBOM SKBUBAJICHTE Ha BbIxoje uMeeM 19,4 kJ[x.

CunoBoil TpaHCcPOpMaTOp MUTAET CUCTEMY JBYX KaTyIIEK WHIyKTUBHOCTEH,
BKJIFOYEHHBIX MEXAY COOOW MapasuiesbHO, BCTPEUYHO U IMOCJIEI0BATEIbHO C HUMHU
pPacnoioKEHbl METANIMYECKHe CTepKHH. M3 cucTeMbl yIpaBieHUs MOJAETCs
HUMITYJIbC, KOTOPBIM OTKPHIBAET THUPUCTOP M Uepe3 KaTyIIKU HHIYKTUBHOCTHU
npotekaeT Tok 120 A. Uepes TpyOy mpotekaet Boja co ckopocthio (0,2—0,4) m/c.

KaTylmku nHIyKTUBHOCTH CO3JaI0T ONEPEYHOE FIEKTPOMATHUTHOE TOJIE.
Co cTopoHBI OIS AEUCTBYET CHUJIA, KOTOPAsk CO3/1a€T TOMOJIHUTEIBHOE JaBICHUE.

ITon peiicTBUEM H3TOrO [aBJIEHUS YBEJIWYMBAETCS PACCTOSHUE MEXIY
MOJIEKYJIaMH BOJIbI, OOpa3yeTcsi o0JacTh, B KOTOPYIO MOMAAal0T MHUKPOOBI U
MUKpPOOpPraHU3Mbl. 3aTeéM BOJA IONAJAeT B BUXPEBOE JSJIEKTPUUYECKOE IIOJIE,
CO3/1aBa€MO€ CTEP)KHEM. DJIEKTPUUYECKOE IOJIe 3aXJIOIMbIBACT 00JaCTh, MUKPOOBI
noru0arT W BOJAA, CHAOXKEHHAsT MOHAMH KHCIIOPOJAa, HAKPYYMBAaETCAd Ha 3TOT
CTEp’KEHb, a Ooyiee KPYMHbIE YACTUIbl OCENAIOT BHU3 M BBIOPACHIBAIOTCS 4Yepe3
naTpyOOK, pacronoxkeHHbli mog yriaoM 45° k ocHOBHOM TpyOe. MIHTEHCMBHOCTS
OYMCTKH MOXHO MEHSTh, MU3MEHSAS YacTOTy CJEJOBaHUS HMMITYJbCOB, a TaKke
M3MEHEHUEM JIMaMeTpa OTBEpCTU B TpyOe. s 3ToM 11enu BXOA U BBIXOJ TPyObl
CHAOXKEHbl TEPEXOJHUKAMH, TO3BOJIAIOIMIMMU MEHSATh BXOJHBIE U BBIXOJHbIE
IUaMeTpbl TPyObl. AMIUIMTYJy TOKa MOXKHO MEHSTh C IOMOIIBIO CHUJIOBOTO
aBTOTpaHcpopmaTopa.

[Ipensmaraemoe yCOBEPIIEHCTBOBAHHOE YCTPOMCTBO CHCTEM YIPABICHUS
€UHBIM MPOCTPAHCTBEHHBIM 3JIEKTPOMATHUTHBIM TOJIEM, MPEJICTABICHO Ha pHUC.3.
OHO mpenHa3HaueHO A1 0e3peareHTHOro o0e33apaKMBaHUS U OYMCTKH BOJBI C
YIy4YllIEHHBIMU SHEPreTUYECKUMHU, TEXHUKO-2KOHOMUYECKUMU u
AKCIUTYaTallMOHHBIMU XapaKTEPUCTUKAMU.

WMty TbCHBIN TE€HEPATOP COCTOUT M3 CISAYIONNX (yHKIIMOHATIBHBIX OJIOKOB:
OJTHOBUOPATOp, MEITUTENh YaCTOThI, YCWIHTEIb MOITHOCTH, OJOK MHUTaHUS
TUPUCTOPA, COMIACYIOUINI TpaHcPopmaTop.

[Ipennaraemplii HaMH METOJI OCHOBAaH Ha 00€33apaXMBaHUM BOJABI INpHU
BO3JICCTBUHM HU3KOAIHEPIreTUYECKUX UMITYJIbCHBIX 3JIEKTPUUECKUX PA3PSIIOB.

BoeirogHo oTnuyasice, mpeajaraeMblii MeTosl 00JsiajaeT 0oJiee BbIpaKEHHBIM
OakTepUIMAHBIM JAeicTBUEM. Jloka3aHO, 4TO 3PQPEKTUBHOCTh OAKTEPULIUIHOTO
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JEHCTBUSL HU3KOIHEPTETUUECKUX PA3PsIOB OOPATHO MPOIMOPIIMOHAIbEHA BEIMYUHE
pabouero  HampspDkeHHUs.  Pe3ynapTaThl  AKCIEPUMEHTOB  IMOKAa3alid,  YTO
MPEITOKEHHAS! TEXHOJIOTHUS JOCTOBEPHO CHIKAJIa KOHIICHTPAIIHIO B BOJIE (PEHOJIOB
Ha 70 mpomenrta, OeHzommpeHa - Ha 96 mporeHTa, HedTenpoaykroB - Ha 40
nporeHTa. O6e33apakuBaHue BOABI MO KOJMMU-HHIEKCY - 99 mporenra, obiiee
MHUKpOOHOE uucio — 97 mporieHTa.

Cunoson

Tpa HCQOEMaTOE

1 2

Mpeobpa3zosatens

Bxoa McxoaHOM XnakocTu

3

P
Cuctema ynpaenexuns X

Bbixog yucTon Boab!

VcnonHuTenbHbIe 3NeMeHThbI

Bbixop nerkux anemeHTos Bbixog TsKenbIX aeMeHToB

1 — cunoBoit Tpanchopmatop; 2 — mpeoOpazoBaTelb; 3 — CUCTeMa yIpaBICHUS;
Puc.3. CxemaTnueckoe n3o00pakeHne IKCIEPUMEHTATIBLHOI0 00pa3na
Pa3paboTaHHOIO YCTPOICTBA C CUCTEMOM yNpaBjieHUs

JlaHHAsI TEXHOJIOTHUS TIO3BOJISIET 00CCIICUNTh:
* 0Oe3peareHTHYIO JAe3UH(EKITUIO BOJIBI;
* YHHUYTO)XCHHE BCEX BHJIOB MUKPOOPTaHU3MOB, BKIIIOYAs BUPYCHI U CTIOPBI;
* CTEPHWJIN3ALNIO0 MOJIOKA U )KHJIKHX MOJIOUYHBIX IIPOAYKTOB;
* CTEPHWIN3AINIO0 COKOB.
OCHOBHBIE TEXHUYECKHE JJAHHBIC:

CKOpOCTb OCTYIUICHUS BOJABI B TPYOY (M/C) ©ovvvevviiiniaieinananns (0,2+0,4)
[Tynbcupyronuii TOK 0OMOTKH BO3OYKACHUS (A)....oovveveiniennnnnn, (80+300)
Hanpspxkenue nutanus cusoBoro tpanchopmaropa (B).................. .. ~ 220
YacToTHBIN Mana3oH peryiaupoBanus npeoopasosarens (I'm) .........(50 +25)
UKCI0 BUTKOB OOMOTKH BOZOYHKICHUS . ..uvveeenereennneennneeannneeannns 2 x 400
[aBaPUTBI, (M) o nuttiitte et 6 x0,5%0,5
JIAAMETD TPYOBL, (M) ettt ittt ettt e e e e e e e e eeae e, 0,2
1\ ToT oz T 24 o) 500

Teopust enMHOr0 MPOCTPAHCTBEHHOI'O IIOJIS IPEANOJIAracT B3auMOIECHCTBUE
YETBIPEX IIOJIEM: HMIIYJBbCHOTO THPOJOJBHOTO  AJIEKTPOMAarHUTHOIO  IOJIS,
VMMITYJIbCHOTO  JJIEKTPUYECKOTO,  BPALIAIOIIETOCS  AJIEKTPOMAarHUTHOIO U
IPaBUTALHOHHOTO.

Kak #3BECTHO B MPOM3BOJIBHOM CEUEHUU TPYObI C TEKyLIEH MKUIKOCTHIO,
IICHTP TSHKECTU KOTOPOW HAXOJMTCS Ha BhICOTE N OT HYJEBOro YpPOBHS OTCUETa,
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BBITIONTHSIETCS 3aKOH bepHyinu. C sHepreTH4ecKorl TOUYKU 3pEHUS TaBJIECHUE €CTh

pa60Ta, COBepHIaeMaH BHCIIHUMU CUJIaMU HAd € AUHBIM O6'I)éMOM KNAKOCTU
2 2
v Jw
W:pg h+p2 +T, (l)

rae p — TMJIOTHOCTh JKUIKOCTH.
V— CKOPOCTbh JBI)KCHHUSA Yepe3 JaHHOE CEYCHHE TPYOHl,
g — MOMEHT WHEPIINH BPAMIAIOIICHCS KUIKOCTH,
@ — yTII0Basi CKOPOCTh BPAIIEHUS )KUIKOCTH.

Bona, Haxomsch B 3aMKHYTOM TIPOCTPAHCTBE (HEMPOBOIAIICH TpyoOe)
WCTIBITHIBACT JaBIIEHUE CO CTOPOHBI €IMHOTO MPOCTPAHCTBEHHOTO IMOJSI, KOTOPOE
OTpeJIeNsIeTCs] CUIION, MPUXOJSIIEH Ha eUHUILY BHEIIIHEH MOBEPXHOCTH:

F— fioHo’ , )
2
rae F— cuiia AeicTByronas co CTOPOHBI €AMHOTO MPOCTPAHCTBEHHOIO TOJIA,
H,— HaOps>KEHHOCTD MOJIA.

C npyroit CTOpOHBI:
£ 2
Pt ©
87 a

rie a — paauyc TpyOsbl.

OnHako, MakcCBeJIOBCKOE NPEACTABICHUE O JABICHUUA TIOJNS KaKeTcs
CIUIIKOM (OpMabHBIM - HaM JIeTYe U HarJIsIAHEE MPEICTaBUTh MPOUCXOKICHUE
TaKOTO JIaBJICHUS, KaK B3aMMOJICHCTBUE €AUHOTO MPOCTPAHCTBEHHOTO TMOJISI U TOKa
JIBIDKYITUXCS 3apsI/IOB.

Morekyna BOAbI UMeeT OOJBIIOW JUMOIbHBIA MOMEHT P, =6.1-10"°Kxr-m

BCICACTBHUC YCro Ha PpacCcCTOAHHAX, HMCIOINHUX IOPAAOK PACCTOAHUA MCKIAY

MOJICKYJIaMH B KHIKOCTAX (r=1A=10""x)BOKpYyr He€ BO3HUKACT CHJIbHOC
IEKTPUYECKOE TTOJIE. DTO SABIAETCS IPUIMHON JIEKTPUIECKON TUCCOLUALINH.
CrnenoBareslbHO, €IMHOE IPOCTPAHCTBEHHOE II0JIE€ YCHJIMBAET IIPOLECC
JAMCCOLMAIMM B BOJE, a OpOUTAIbHBIE AJIEKTPOHBI JIBYX aTOMOB BOAOpOAa M
OJTHOT'O aToMa KHCJIOpOJa BOJbI CO3AAI0T BOKPYT c€0sl CUIIbHOE HEOTHOPOJAHOE
AIEKTPUYECKOE T10JI€, YTO IPUBOJUT K PaA3/IEIICHUIO BOJBI U COACPIKALLUXCSA B HEU
COCIMHEHUI HA DJIEMEHTBI.
OTOT IMPOLECC YCUIMBAETCS 3a CYET BPALAIOIIETOCS 3JIEKTPOMATHUTHOTO
TTOJISL.
N3BecTHO, YTO OTHOLIEHNE CHIIBI AMIIEPA K CUJIE CONPOTUBIICHUS JaBJICHUS
y-B?-/
Ha3bIBaroT KputepueMm Ctioapta N = — | 4)
p-v
IZ€ y — YJAeIbHAas IPOBOJUMOCTb KUIKOCTH,
B — MHIYKIMS MarHUTHOTIO I10JI4,
{ — IJIMHA y9acTKa KUJIKOCTH B TpyOe.
CpaBHeHHE cuiabl AMIlepa C CHJIOM CONPOTUBIICHHS JaBICHUS NAET HaM

kputepui ['aprmana:

42



M= i=BI\/Z (5)
Frp n

rae n— Ko UIMEHT BI3KOCTH KUIKOCTH.

vy A o
Bxopg consiHom

A O—» s 5 BOAbI
B O0—»| 1 c
¢ o Al < @ o /
0

3

Bbixog o6ecconeHHomn
BOAbI
1 — ucrounuk Tpex(a3Horo NUTaHus; 2 — Mpeodpa3oBaTeIb — UMIIYIbCHBIN Tpexda3HbIit

re’eparop; 3 — cucreMa Tpex($a3Horo ynpanJieHuUs;
4 — 06MOTKa BO30YK/ICHHUS - UCTIOJIHUTEIbHBIN JIEMEHT B BUJIE COJICHOW 1A,

5 — 00MOTKa BO30YK/I€HUs - UCTIOJIHUTENbHBIN 2JIEMEHT B BHJIE TpeX(dazHoil 00OMOTKH; 6 — 1Ba
METAJUIMYECKUX CTEPKHS; 7 — OTBOABI TSl BBIXO/1A JIETKUX U TSIKEIBIX DJIEMEHTOB (OJMH ISt
BBIX0/1a JIETKUX 3JIEMEHTOB, @ BTOPOIl /Ul BBIX0JIA TSXKEIIBIX 3JIEMEHTOB); 8 — HEMeTaJUInYecKast
ciauBHas TpyOa; 9 — nBa rasroiybaepa
JUIS BBIXOJIa HAKOIUIEHHBIX T'a30B B TPyO€ BBOJUMBIX JIEMEHTOB U3 BOJIBI.

Puc.4. ®ynkunonanabnas cxema YEIII

Ecnu xuakocTs Teu€T mo TpyOe monepeéx eAMHOro MPOCTPAHCTBEHHOTO OIS,
TO TIpH ManbIX unciax ['aprmana winu CTroapTa mojie ¢aabo BIHSET Ha XapaKTep
TEUYCHUS, U CONPOTHUBIICHUE JBMKCHUIO BO3HUKACT B OCHOBHOM H3-3a BSI3KOCTHU
KUKOCTH.

[Ipu Oonpmmx wuyucnax Crroapta win [apTMaHa BS3KOCTh JKHJIKOCTH
OTCTyIaeT Ha BTOPOU IUIAaH, COMPOTHBIICHUE IBM)KCHHIO BO3HUKACT B OCHOBHOM
U3-32 B3aMMOJICHCTBHS JKUIAKOCTH C €IWHBIM TMPOCTPAHCTBEHHBIM TOJIEM. DTOT
MpOIeCC YCWIMBACTCS MPU KaBUTAIMM MOJIEKYJ BOJBI BO BpAIIAOIIEMCS
DJIGKTPOMArHUTHOM TIOJIe. B pe3ynbraTe 4ero Bojaa HACHIIIACTCS OTPUIIATEIHHO
3apsHKEHHBIMU MOHAMH KUCJIOPO/Ia, TO €CTh OHA CTAHOBUTCS YUCTOM.

Ha puc.4. npencraBieHa ¢yHKIMOHAJIbHAs cxXemMa pa3paboTaHHOW HaMu
YCTaHOBKH OYHCTKH, 00€33apaKUBaHUS U 00€CCOIMBAHUS BOIBI.

3a cu€T pa3NMYHBIX BIUSHUA BHEIIHETO 3JIEKTPOMATHUTHOTO U UMITYJIBCHOTO
AIEKTPUUECKOTO TOJeH Ha (eppOMarHUTHBIC, MTapaMarHUTHBIC W JUaMarHUTHBIC
MaTepHaJibl B OTPOTH TPYOBI U Ta3rojibJiepa BCe BPEIHBIC NI 3JOPOBhS YEIOBEKA
AJIIEMEHTHI BEIBOSATCS HAPYKY.
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Takum o6pazom, eMHOE MPOCTPAHCTBEHHOE MOJIE OUMILAET, 00e33apaKuBaCT
u obecconmBaeT BOAy. Perymmpys 4acTOTOH, MJIUTETLHOCTBIO U aAMIUIUTYIOU
MMITYJIbCHBIX HAIIPSKEHUW MOKHO MEHSTh Ka4eCTBO OYMILEHMS BOJBI U €€ COCTAB.

B Ttpetseri rnaBe «Pa3paboTka cucTeM YyHpaBJeHUs I YCTPOMCTB
NMPOCTPAHCTBEHHOI0 JJIEKTPOMATHMTHOIO IIOJIA»  OIKCHIBAIOTCS BOIPOCHI
pa3pabOTKM  CHUCTEM  yHOpPABJICHHS JUIsl  YCTPOWCTBAa  MPOCTPAHCTBEHHOIO
AIEKTPOMArHUTHOIO TIOJIS, NMPUHLMIAM TMOCTPOEHUS HWCTOYHUKA IHTAHUS IS
cucrem ynpasieHus YEIIII u paccMOTpeHbl mpouecchl, IPOUCXOAALIME B

YCTPOMCTBE.
BrisiBIEHO 4TO, IpU MaslbIX TOKax, mpumepHo A0 80 A, xapakTepucTHhKa
VEIIII umeer mnaparomuid BUJI — IPU BO3PACTAHUU TOKA, HANPSDIKEHHE HA

ycTpoicTBe Tmamgaer. Oto HeoOoxomumoe cBoiictBo YEIIII, xkoropoe ObL10
UCIIOJIb30BaHO TpU pa3paboTke ycTpoicTBa ymnpasieHus. C 1enpio o0sierdeHus
MOJIYYEHUS] MAKCUMAJIbHOIO 3JIEKTPOMAarHUTHOTO TMOJSI HPUMEHSIOT OOBIYHO
OCLIMJUISITOPBI M PA3JIMYHBIE YCTPOICTBA, MOBBIIIAIOIINE BBIXOJHOE HAIPSHKEHHUE
VEIIIL

Ha puc.5. nmpuBenena BonbpTamiiepHas xapakrepuctuka (BAX) ynpaBneHus
cuctemsl Y EIIII.

u(B)

120+
100>
80—+
60
40 -+

20 -+

f T T T f T )
0 60 120 180 240 300 360 430

Puc.5. BoabramnepHas xapakrepucruka YEIIIT

Ha puc.6. nokazana BAX ympasnenus, paccmorpenHoro YEIIII nns Tokos
MeHee 100 A, HO IMEHHO OT TOT0, HACKOJIBKO XapaKTEPUCTUKA UCTOYHUKA HA 3TOM
ydyacTke Oyner mnoxoka Ha xapaktepuctuky YEIIII, 3aBucutr ycToluMBOCTBH
pa6otsl YEIIIL.

OcHoBHoM  uctouHuk nutanuss  YEIIII wumeer  monoromaaarouryo
XapaKTEPUCTUKY C KPYTOIAJalOIIMM XBOCTOBBIM YYaCTKOM, OrpPaHUYMBAIOLIUN
MaKCUMAaJIbHBI TOK KOPOTKOTO 3aMblKaHUs |x3. BbicOKkOoe BBIXOAHOE HANpsKeHHE
XOJIOCTOTO XOJla o0ecreynBaeT cTabmibHylo U ycronuuByto padoty YEIIII Bo
BCEX PEKUMAX.

VYuactok BAX (puc.5.), xoropblii HaunmHaerca npumepHo ¢ 60 A wu
npoaoipkaercs npuMepHo a0 300 A, sBisSETCS CTAaOMIM3aTOPOM HAIPSIKEHUS U
HanOosee moaxoasmuM 11 padotsr Y EIIL.
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Hanpsoxenne Ha YEIIII Ha 3TOM ydacTke HE 3aBUCUT OT IPUIIOKEHHOTO TOKA,
a 3aBHCHT TOJIbKO OT KOHCTPYKTHUBHBIX OCOOCHHOCTEH KaTyIIeK NHIyKTUBHOCTEH U

MenHoro crepxkHs Y EIIILL
u(B)
A

-]
120>
100>
80
60 1

40 -

20 TN\

f f |
0 100 200 K3 A

Puc. 6. BorbTamnepHasi XapaKTepuCTHKA YIIPaBJICHUS

Benuuuny 3T0r0 HampsiKeHUs MOKHO BBIYHCIIUTD 110 GOopMyJIe:
U, =U,+U_, (6)
rae U, — Hanpsbkenne Ha YEIII, B; U, — nanpsokenne Ha kartymikax, B;

U, — HampsbkeHue Ha crepxkHe, B. Hanpsbkenne Ha karymkax YEIIIL:

U =Ry, (7)
rae R, =0.320m— conpoTHBIICHHE KaTtymieK, | =80A — TOK Ha KaTyIIKax,
U, =12B.
O6mee nanpsbxkenue Ha Y EIII:
U, =80x0.32+12=37.68. (8)
YcraHoBieHo, 4yTo B paboueM nuamazone ot | =80A 10 |, YCTONYMBYIO

pabory YEIIII obGecnieunBaer HampsbkeHue He Hike 37,6 B, a mnsa crabmibHOU
pabotel YEIIII nHeoOxonumo HanpsbkeHue yrpasieHus 46—52 B.

Hcxons u3 TpeOyeMbIX HANPSHKEHUHN YIPABICHUS U TOKA HA HCTIOJTHUTEIHLHOM
AJIIEMEHTE KaTyIIeK OOMOTKM BO30YXKIEHHWS, C Y4eTOM MpOoOJIeMbI CIy4alHOTO
u3MeHeHusT (a3l BKIIIOYCHHS YIPABJISIONIETO THUPUCTOPA, MPEITIOKEHAa CXema
yIpaBJICHUS] TUPUCTOPAMH.

Yacrorta YIPaBJISAIOMINX BO3JICVCTBUAN 3a/aercs rEHEPATOPOM
nusI000pa3HbIX UMITYIbCOB - ['TIM, KOTOPBIi BbIIaeT ABA BHIXOAHBIX HANPSKEHUS,
caBUHYTHIX Ha 180 a11. rpagycos.

[Ipennaraemasi cxema yCTpOWCTBa YIPABICHUS UMITYJIbCHBIM T'€HEPATOPOM
(puc.7) coctouT u3 cleayomux (YHKIIMOHAIBHBIX OJIOKOB: OJHOBHOpATOP,
JCJIUTENh YacTOThbl, YCWIHMTENIb MOUIHOCTH, OJOK TMHWUTaHUSA, YCTPOMCTBO
o0e33apakuBaHUs.

[Ipu wuccnenoBannn BimsHUs Ha KIIJ smexkrpomaraura uMITYJIBCOB
HampspKeHUs B JOpMe YCEUEHHBIX TOJYBOJH CHHYCOWJIBI BapbUPOBAIUCH YTJIbI
oTceuku 0.
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[Ipu oTceuxu 1o nepegueMy GpoHTy yron 0 u3mensercs ot Hyus 10 45°, no
sagaemy ¢poHTy - or 180° mo 120° Kaxaplii HOBBEI yrosl OTCEYKHM H3MEHSET
dbopmy wummynbca. CregoBaTenbHO, 4YHCIO (HOPM UMITYJIBCOB (HAKTHUECKH
paBHSETCS HE TPEM, a KOJIMYECTBY BapHaIlUil YTIIOB OTCEUKHU.

0 g ) I T e ) Yeowmirenn
AHOBHOpATOop MOLIHOC TH
+ T T
YoTpoHCcTED — : fi
B0k 1miT ’ P HynyaecHBIH ~30 R
AHEL 00e33apakie aHHA regepatop —

Puc. 7. DyHKIIMOHAJIbHA CXeMa YCTPOMCTBA yNpaBJIeHUs
HMIYJIbCHBIM F€eHEePaTOPOM

B u4erBeproin rnase «McciienoBaHusi YCTPOMCTB CHCTEM YIpPaBJICHUS
eIMHbIM NPOCTPAHCTBEHHBIM JJICEKTPOMATHUTHBIM IOJEM»  OIHUCBHIBAIOTCS
TEOPETUYECKUE U DKCIEPUMEHTAJIBHBIE HCCIECIOBAHUS YCTPOWCTB CHUCTEM
yrpasnenus EIIOII.

[Ipenyoxen cmocob® oOe33apakKMuBaHUsS W OUYUCTKHA BOJbI, OCHOBAHHBIM Ha
TEOPUU €IAUHOIO IIPOCTPAHCTBEHHOIO II0JA, C MCIOJIB30BAHUEM II0JIOXKEHUS
TEOPUU DJIEKTPOMArHUTHOIO II0JIsI, KOTOPBIM MNPENYyCMATPUBAET HEIUHEHUHYIO
3aBUCHMOCTh MEXaHUYECKOT0 DKBUBAJICHTA OT dHEPTHU 1O (puc.8).

HauwnHnas ¢ Toukn «a» mMexaHnudeckast 3Heprust W,,, pe3KO yBEJIUYUBAETCS C
yBeJIM4YeHueM dHepruu nosnss W,. B pesynprare mox AEHCTBUEM IIOJYYEHHOMN
HHEPrUU CoBepIIaeTcs MexaHuueckas padorta. Co CTOPOHBI MO IEUCTBYET CHUIIA,
KOTOpasi ONPEAEIISIETCS COOTHOILICHUEM::

F = gradw,, 9)
rae W,, — MeXaHWuecKasl SHeprus; F— cuia, JeHCTBYMOMmAs CO CTOPOHBI
€IUHOTO ITPOCTPAHCTBEHHOTO MOJIA.

®opmyia (9) Mo3BoOJISET PACCUUTHIBATH BCE U3BECTHBIC B3aUMOICHCTBHUS:
ANIEKTPOMArHUTHbIE, TpPaBUTALIMOHHbIE, CHJIbHBIE M ciabble. [ a3toro
HEOOXOJAMMO 3HaTh YPOBEHb OCHOBHOM JHEPruu, CKOHILIEHTPUPOBAHHOU B
IIPOCTPAHCTBE U MEepeIaabl 3TOU SJHEPIUU OT JAHHOI'O TUIIA B3aUMOJECUCTBHUS.

Teopust eqUHOTO MPOCTPAHCTBEHHOTO IOJISI IPEANIOJIAraeT B3anMOIEVCTBHE
YETBIPEX MOJIEH: HMITYJIbCHOTO AIEKTPOMArHUTHOTO, MUMITYJIbCHOTO
ANEKTPUYECKOTO, TOCTOSIHHOTO MarHUTHOTO Y TPABUTALIMOHHOTO.

PaccMoTpensl Moaenu yCTaHOBKM NpPU BKJIKOYEHUHU MOJsA. M3BecTHO,
YTO BOJA HMEET JWAMArHUTHBIE CBOWCTBA W MPU B3aUMOJCHCTBUU C
MAarHUTHBIM TIOJIEM, OHA M3 HEro BBITAIKUBAETCSI. B pesylibrare I0JKHA
BO3HUKHYTh CHJIa, TOPMO3dIIas MOTOK. Tak Kak YHUCIO MOJIEKYJI BOJIbI B
KaXI0U eauHuIle o0ObeMa OJIMHAKOBO, TO JMIOpa TOPMO3AIIUX CHI OyAeT
NpeACTaBIATh COOOM MPSAMYIO JTMHUIO.

Taxum oOpa3oM, BHYTPH COJICHOWJA U HEMOCPEACTBEHHO TNEPEa HUM B
IIOTOKE BO3HMKAET Y4YaCTOK CXKaTus, I'A€ MOAaBJICHUE JXUIKOCTH BBIIIE, a
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CKOPOCTh JIBHKEHMSI MEHbIIE, YeM B OCTajbHOM ImoToke. Ho, Gmaromaps
00bEMHOM TPOUYHOCTH KUAKOCTH, €€ MIOTOK HEPA3PHIBEH, M HEITOCPEICTBEHHO
32 Y4aCTKOM CXaTusl JOJKEH 00pa3oBaThCs yYaCTOK PACTSDKCHUS, TJIC
JIaBJICHUE MEHBIIE, & CKOPOCTh BBIIIE, YeM B OCHOBHOM IOTOKe (Touka "C"
Ha puc.9). Bo3HUKHOBEHME TOa JEWUCTBHMEM IIOJs TpaJWEHTa JaBJICHUE
BBI3BIBAET B BOJIC A(PPEKT KaBUTALIUH.

W,

1-nwHMA KacaTenbHas K HETMHEWHON XapaKTEPUCTHKE JJIS CITydast THHEHHON CUCTEMBI,
2—3aBUCHUMOCTb MEXaHUYECKOI SHEPTHH OT SHEPTUU TOJIA I HETUHEHHOM CUCTEMBI.
Puc. 8. 3aBUCHMOCTH MEXaHMYECKOI0 IKBUBAJIEHTA OT JHEPTUM MOJIsI

H

Drmopa CIir, Lo !
N

TO PIIOS ALLETC N M e e -

BOOY N hL T mm s s s s s e T

A) Bun cHapyxu; B) Bua B pazpese
Puc. 9. Monesb ycTaHOBKH

Omnpenenenbl BbIpaXEHUE 3JIEKTPOMATHUTHOW CHUJIBI C JBYMsS OOMOTKaMH
BO30Y>KJ€HUSI, UCTIOJIb3Ys] OCHOBHOE aHAJIUTHUUYECKOE BBIPAKEHUE JUISl CUIIBI U JJIs
SHEPruy MarHUTHOro mojs. OrpaHuyuMcs TPUBEICHHEM OKOHYATEIbHOIO
BBIPQXEHUS JJs1 DJIEKTPOMAarHUTHOM CHJIBI B CHCTEME C JABYMsS OOMOTKaMu
BO30YKJICHHS.

F, =dA, /d5 = (d/d5)|(1/ 2)L,¥7 + 1/ 2)(L, W2 - MY, 'W,) |/ D). (10)
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rae: M =M, = M,,— (B3auMHbIE UHIYKTUBHOCTH) HEOOXOAMMOE YCIOBUE IJIA

TOT0, YTOOBI PHEPTUSI MArHUTHOTO MOJIA SIBJISUIACh (DYHKIHMEH COCTOSIHUS
IIOTOKOCLICIUICHUS.
Y, =L, + M, W, =M., +L,i,.
ks) l . . V2 1 . .
Ay = (XL, =My, -0)d W+ [ (S)(L, W, M, W,)d P, =
D D
0 0 (]_]_)
1
= (E)([(Lzlplz 12)+(LY; 12) =M, \¥,¥,]),

rae D - ONpeAeNuTelNb, COCTOAIMNA W3 KO3(P(UIHMEHTOB ypaBHEHH
(12), He paBHBIH HYJIIO:

D=LL, -M,M,, (12)

JIns TMHENHOW MarHUTHOM CUCTEMBI KODHEPIUA PABHA DHEPITUU MAarHUTHOIO
noyisi. Takum oGpa3zoM, ISl ONpeeseHrss CUIIbl B CUCTeME C JIByMs OOMOTKaMu
BO30YK/JIEHUS B UTOT€ UMEEM

F, ={(1/2)i2(dL, /d&) + (1/ 2)i2 (dL, /dS) £ M i, i, ]. (13)

B o6mem ciyuae mocnennee ciaraemoe B opmysie (13) momkHO comepkarh
o0a 3HaKa JJIsl TOro, YToObl y4ecTh CIOCOO BKIIIOUEHHS OOMOTOK BO30YXIEHUS,
MOCIIEIOBATENBHO WIIN MapajliesIbHO.

Y CTOMYHUBOCTh JIMHEMHOW CUCTEMBI ONPENECIISIETCS €€ XapaKTEpUCTUKAMU U
HE 3aBUCUT OT JCUCTBYIOIIUX BO3/ICUCTBUU.

Ha puc.10. nmpencraBneHa (yHKIMOHaNbHAs CXEMa CHUCTEM YIIPABICHHUS
€IUHBIM TPOCTPAHCTBEHHBIM 3JIEKTPOMATHUTHBIM TOJIEM.

3nech: UIl — ucrtounuk nuranus; bY — 6ok ynpasnenus; OB — obmoTtka
BO30Y KJICHHUS,; C—crepxeHb (MeTamIM4ecKuii, PacmoJIOKEHHBIN B
HeMeTayumueckoi TpyOe); Jl — BxomHas BennuuHa; Y — BBIXO/IHAS BEJIMUMHA.

J{nst BeISICHEHUS 00JIaCTH yCTOMYMBOM pabOThl pa3pabOTaHHOTO YCTPOMCTBA,
BOCIIOJIb3YEMCSl BBIBEJICHHBIM YypaBHEHUEM, IUHAMHYECKHE CBOWCTBA KOTOPOTO
OMUCBHIBAIOTCS XapaKTEPUCTUUECKUM YPAaBHEHUEM:

a,P’+a,P*+aP+a,=0, (14)

I'ne: a, =400; a, =16.8-10°;a, =1.705-10°; a, =9.5-107°,

5 Il bY S OB
A ’ - TV
l 4

C

Puc. 10.®yHKunoHAJIbHASA CXeMAa CUCTEM YNIPABJIEHHUSI €AMHBIM MPOCTPAHCTBEHHBIM
noJieMm
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Ucnons3yss kputepuii ['ypBuiia, coctaBum mnporpammy migs OBM wu
MOCTPOUM 00JIACTh YCTOWYMBOCTU B IUNIOCKOCTH JIBYX XapaKTepHbIX nmapamerpoB K
n Tl.

YpaBHEHHE aNEpUOAMYECKOM I'DAHULBI YCTOMYMBOCTU HAWUIEM, NMPUPABHSB
K HYJIIO CBOOOIHBIN YIEH XapaKTePUCTUUECKOr0 MOJMHOMA
K= -1, xonebaTeapHOI rpaHUIbl YCTOMUYHUBOCTH:

aa, —8,8, =0. (15)
N3 ypaBHenusa (15) mnosyunm ypaBHEHHE KOJI€OATENbHOM TI'PaHHULIBI
YCTOWYHUBOCTH,

K=aa,/a,-1. (16)

C ucnonb3oBanueM kputepus ['ypuna cocrasineHa Excel mporpamma s
MOCTPOEHUS KOJIeOaTeIbHON TPAHULIbl YCTOMYMBOCTH.

K 10

3 A

2 “hAn

1 «B»

0 T, [C]

P N W L N W N N N
1 2 3 4 5 107

Puc. 11. O6sacTh YCTOHYMBOCTH CHCTEMBI

[To pesynbpraraM McciIeI0OBaHUHN MOCTPOEHA 00IaCTh YCTOWYMBOCTH, KOTOpast
npejacTaBieHa Ha puc.1ll. O6nacte «A» saBisieTcs HeycToHYMBOW. Bcee 3HaueHus
napameTpoB, ONpelesieMble KOOpAMHATAMU JTOrO0 OTpe3Ka, OKaWMIIEHHOTO
HITPUXOM, T.€. 001acTh «b», COOTBETCTBYET YCTOMUNBOMY COCTOSIHUIO CHCTEMBI.

W3 pacyeToB 1 00;1aCTU yCTOMYMBOCTH BBITEKAET, YTO CUCTEMA pabOTaeT B
30HE YCTOMYMUBOCTH.

Omnpenenenbl aMILUTUTYIHO-()a30-4aCTOTHBIE XapaKTEPUCTUKH M KadyecTBO
NEPEXOTHOTO Tpolecca sl peajbHBIX IapaMeTpOB CHCTEM YIPaBICHHUS C
oomoTkoii Bo30ykaeHust EITOI1.

[To 3amaHHBIM 37I€MEHTaM CXEMBI TIPEJCTABUM MMACCUBHYIO JIEKTPUIECKYIO
1ens (puc.12), KoTopasi COCTOUT U3 aKTUBHBIX U PEAKTUBHBIX CONPOTHUBICHUH B
CJIEIyIOILLEM BU/IE.

CormacHo BXOAHOMY — Ui U BBIXOJHOMY — U HAIIPSKEHUW JUIsl TACCUBHOMU
peaNbHON AJIEKTPUUECKOW WENU OMNpeAeauM MepexoaHyro ¢yHkuuoo. C yderoMm
BeTBeH cxeMbl (puc.12), NMOMEHSB CONPOTUBJICHUE BETBCH HA KOMIUICKCHOE

CONPOTHBIICHUE Z, U Z, , TOJy4YaeM CJICIYIOIIYI0 SKBUBAIICHTHYIO cxemy (puc.13).
Yepes sKBUBAJICHTHBIE CONPOTUBIICHUS HAMMILEM NEPEIaTOYHYO (PYHKIINIO LIETIH:
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u,(p) Z,(p)
W(p)=-—2""= : : 17
(P) u,(p)  Z,(p)+Z,(p) (17)

C y4YeToM KOMIUIEKCHBIX COINPOTUBICHUN pEAaKTUBHBIX JJIEMEHTOB U
COTPOTHUBJICHUI BETBEM, 3aMMCaB UX B ONIEPATOPHOM PopMe C yIeTOM MOCTOSTHHBIX
BpeMEHU W KOX((PHUIIMEHTOB, MPUBOJIUM HTOTOBYIO (POpMyITy IJIsi Pa3OMKHYTOMH
CUCTEMBI:

2 2
K,(T, - P +T,-P+1)

W) = T, P)TE-P2+T,, P)+k,(T2 P +T,, P1) (18)
5 L ) é ) )
U, & U, U, Z, U,
) T . ,
Puc.12.11accuBHas 3j1eKTpUUYECKas LeNb Puc. 13. JxBuBajIeHTHas1 cXxeMa

NMACCUBHOM 3JIEKTPUYECKOI Lenu

[Tocne HEKOTOpBHIX MPeoOpa3OBaHUI MOJIy4aeM CIEAYIONIYI0 HMTOTOBYIO
dbopMy ypaBHEHUS JI1 PA3OMKHYTON CUCTEMBI:

6, P’ +6,-P+s, _ B(p)
a;P’+a,P* +a,P+a, A(p) '

W,.(p) = (19)

3nech: a=k T, Ty & =k(To+ T T)+k T a =k Tk T 8=k
6, =K, T; 6, =Ky Ty 6, =K,.
ITaccuBHas C1ib UMECT CICAYIOIHUC ITapaMETPhbI:

R, =017 Om; L, =15-102 I'y; R, =2000m; C,=2-10° @;
L,=2-10"7%Iu; w=2xf, =157 I'y; j=+/-1.

Hcnonw3yst mnepeaaTouHble PYHKIUHM 3aMKHYTON aBTOMAaTHUYE€CKON CUCTEMBI
pU BXOJHOM BO3JEHCTBUU ¢ =2B(CTynmeH4YaToe HaNpsHDKEHHE), PACCUMTaHbl U
MMOCTPOEHBI XapaKTEPUCTUKH MEPEXOTHOTO MPOLIECCA.

[TapameTpbl epexoIHON (PYHKIIUU:

k,=R =017, T :£=88,235-1O’2; k, =R, =200.;
1 1 1 R1 2 2

T,=R,-C,=410"  T,=\L,-C, =410% T,=_2-=
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a, =k, -T,-T,=5984-10°=60-10"°; a,=k (T5+T,-T,)+k, T} =16-10";
a, =k, T, +k, - T,;=2-10"°; a, =k, = 200;
6,=k, - T,=8107;, ¢ =k, T,,=2-10%, ¢, =k, =200.

XapaKTepI/ICTI/II{eCKI/Iﬁ MHOI'O4JICH 3aMKHYTOI>i ABTOMATHUYECKON CHCTEMBI
OHpeI[eJIﬂeTCH KakK CYMMa YUCIUTCIIA U 3HAMCHATCISI MHOT'OYJICHOB pa?)OMKHYTOﬁ
CUCTEMBI, T.€.

ro3 Co ' 2
A(p) =a;p° +a,p" +, p+a,+6, - p° +6,p+s. (20)

[Tocite HEKOTOPBIX COKPAICHHH, TOJydaeM YpaBHEHHUE TPETHETO MOPSAKa CO
cleayrumMu ko3 dunueHramu, T.e.:

a, = a, +6, = 400; a, =a, +6 =2,02-107;
a,=a,+6,=16-10""; a, =a; =60-10"°,
A(p)=a3-p3+a2p2+al-p+a0. (21)

OnpeneneHbl KOPHU XapaKTEPUCTHUUYECKOTO MHOrOWIeHa ¢ IMPUMEHEHHEM
dbopmynsr Kapnana. B mannom citydae OyeT COOTBETCTBEHHO Tak,

P, = —188,501212
P=—| P, =929173-1635026 j
P, =92,9173+163,5026 j |

o

iy

(22)

D v O D
N

w

[Mponuddepennnpys xapakrepuctuueckoe ypaBHeHue (20) MHOrowieHa 1o

napaMeTpy MoJIyqrM: Q(p)=3-a,p* +2a,p+a,. (23)
y t - T »>
y(t) Yo
LI A S 4
£
>
T
1

0 0,01 0,02 t

Puc. 14. XapakTepucTHKA NEPEX0AHOI0 MpoLecca

Ecnu, B 3HaMeHartene MuorowieHa (19) nepeparounoit GyHKIMH
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B(p) :62172 +6,p+6y, (24)

TOr;a

a) yCTOWYMBAs COCTABJISIONIAS y, = g%; (25)

6) nepexoHasi cocTaBisromas y(t)=g> . B(P.)-&0(Py) : (26)
k Py - Q(Py)

B) TIEpEeXOHAs XapaKTepucTuka y(t) =y, + y(t). (27)

XapakTepucTuKa IMEpPEXOJHOro Ipouecca NpeAcTaBlieHa Ha puc.l4, rae
II0Ka3aHa Bpems Iepexo Horo mnpouecca T,

BrisiBIeHO, 4YTO Ha MEPEXOJHBIE MIPOLECCHl B CHUCTEME YIIPABIICHUS
HAKJIa/IbIBAIOTCS OIPE/ICJICHHbIE OrPAaHUYEHHUS, CBSI3aHHBIE C OCOOCHHOCTSAMU
pabOThI CHCTEM.

B maron rnaBe «OueHKa HAAEKHOCTH, IKOHOMHYECKOH 3P PeKTHBHOCTH
U BOIPOCHI TNPUMEHEHHMS YCTPOMCTB CHCTEM YIPABJEHUSA EAMHBIM
NPOCTPAHCTBEHHBIM JJIEKTPOMATHUTHBIM I10JIEM» TPUBOAATCA PE3YJIbTATHI
IIPOBEJCHHBIX  BBIYMCIWTEIBHBIX  OLEHOK  HAJIEKHOCTHM, OJKOHOMHYECKOU
3¢ ()EKTUBHOCTH U MPUMEHEHHUS pa3pad0TaHHOIO YCTPOIMCTBA CUCTEM YIIpPABIEHUS
EIIDII. Ilpm »TOM wH3ydyeHa OLEHKA HANEKHOCTH, IMPUBOIATCS PACUETHI
DKOHOMUYECKOU 3¢ (HEeKTUBHOCTH, OCHOBHBIE TEXHUYECKUE JIAHHBIE
pa3pabOTaHHOTO YCTPOMCTBA JUIsl CUCTEM YIIPABJICHUS U MPUMEHEHUE yCTPOHUCTBA
cucrteM ynpasienus EIT9I1.

[IpousBenen pacueT HAASKHOCTH JIBYX pa3paOOTaHHBIX YCTPOMCTB
YIIPABICHUs €IMHBIM IIPOCTPAHCTBEHHBIM 3JIEKTPOMArHUTHBIM IIOJIEM C y4E€TOM
BIIMSIHUSI TEMIIEPATYPBIL, BIAKHOCTH, COJTHEUHOW paalluy U Ap.

[IpoBeneHHBIE UCCIENOBAHUS HAJEKHOCTH IMPOTOTUIIA U Pa3pabOTaHHOTO
YCTPOMCTBA YIIPABJICHUS €IWHBIM HOBEPXHOCTHBIM 3JIEKTPOMATHUTHBIM IOJIEM
MOKa3aJld, YTO ATO SIBJIAECTCS HaHOOJIee HAJIEKHBIM pa3padOTaHHBIM YCTPOWCTBOM.

B pabore Takxke mNOpUBENEHBI OTIECIbHBIE MNPUMEPHI MPAKTUUECKOTO
NPUMEHEHUsI pa3pabOTAHHOIO YCTPOMCTBA B: XMUMHYECKOW MPOMBIIUIEHHOCTH;
MUIIEBOM TPOMBIIUIEHHOCTH; KWJIHUIIHOM XO3AMCTBE;, MaJlOh DJHEPreTHUKE;
CEJIbCKOM XO3SIMCTBE; KUBOTHOBOJICTBE; MEIULIMHE; COCTABE TEXHOJOIMYECKOTO
KOMILJIEKCA.

B 3axmroueHun noaBeNeHBI UTOTM MCCIEAOBAaHUNH U CPOPMYJIUPOBAHBI
OCHOBHBIE BBIBOBI.

B npunoxenun amccepTanuy NPUBEICHBI: CXEMATHUECKOE H300pa)keHHe
KOHCTPYKLMHU; YEPTEXKH U CXEMbl MOJEIUPOBAHUS CHUCTEM YTPABJICHUS; OYKIETHI
00 ydJacTUM B WHHOBAIIMOHHOM sIpMapKe; aKThl MPOBEICHHBIX HUCIBITAHUIN
OINBITHOTO 00pa3la MPOMBIIUIEHHOW YCTAaHOBKH 00€33apa)KMBaHUs BOJABL; aKThl O
BHEJIPEHUU U CIpaBKa 00 MCIIOIb30BAHUU PE3YIHTATOB UCCIEOBAHUM.
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3AKJIIOYEHHUE

O6o00m1asi pe3yabTaThl BBIMOJHEHHBIX MCCIEIOBAHUNA, B JUCCEPTALIMOHHON
paboTre  BIEpBBIE  NPOBEACHHI  KOMIUIeKCHble  uccienoBanus Y EIIIL.
[IpoMbIlUIEHHBIE,  JKCIIEPUMEHTAIbHBIE W  TEOPETUYECKUE  KCCIEA0BaHUs
MO3BOJIWJIM YCTaHOBUTH cTabwibHyto pabdoty VYEIIII mpu wucnonp3oBaHun
COBPEMEHHBIX JJICKTPOHHBIX YCTPOWCTB YIIpaBJICHUS, OOECIECUMBAIONINI €T0
YCTOMUMBYIO paboTy B paboyeM auamna3zoHe TOKa.

OcCHOBHbBIE Hay4HbIE PE3YyJIbTAThl, BEIBOABI U PEKOMEHIAINHN 3aKIIOYAKOTCA B
CIIEAYIOLIEM:

1. VYcraHoBieHO, YTO HCCIEIOBAHHE BOMPOCOB CPABHUTEIBHOTO aHaIU3a
CUJIOBBIX AIEKTPOMArHUTHBIX UMITYJIbCHBIX CUCTEM u CUJIOBBIX
AIEKTPOMArHUTHBIX YCTPOMCTB CUCTEM yIPaBIEHUS €IMHOTO MPOCTPAHCTBEHHOTO
NoJIg MOKa3ajlo, 4To Haubojee IMOJHO IMOCTaBICHHBIM TPEOOBAHMSIM OTBEYAET
YCTPOMCTBO CUCTEMBI YIPABJICHHS UCIOJHUTEIBHBIM 3JIEMEHTOM, Oazupyloleecs
Ha UCIOJIb30BAHUHA HWMIYJBCHOTO 3JEKTPOMArHUTHOTO TOJISI W BUXPEBOIO
ANEKTPUYECKOTO TIOJIA.

2. Pa3zpaboTtanbl  yCTpoWCTBa CHUCTEM  YINPABJICHUS  TUPUCTOPHBIM
npeoOpa3zoBaTeiIeM YacTOThl JIJIsi YCTAHOBKM OYMCTKH U 00€33apa)KUBAHUS BOJIbI
UMITYJIbCHBIM JIEKTPOMArHUTHBIM TOJIEM, OOECIIEYMBAIOIIas TOCTOSHCTBO (hOPMBI
U aMIUIMTYJbl KOJEOAHW HSHEPTUM B UCIOJHUTEITHLHOM COJICHOHJIE OOMOTOK
BO30YKJICHHUSI.

3. HccrnemoBaHbl yCTpOWCTBA CHCTEMBl YIPABJICHHUS HWCIOJIHUTEIHLHBIM
2JIEMEHTOM C TIOMOIIBI0 mporpammuoro npoxaykra Elektronics Workbench wu
UHCTpYMeHTanpHOU TiporpamMmMbl C ™+ Bulder, mpomonennpoBaHHble TaHHBIC IaTH
BO3MOKHOCTh YTOYHUTh M BHU3yaJIbHO HCCIIEIOBATH MPOLECCHI, IPOUCXOIAIINE B
YCTPOMCTBE, yCOBEPIIEHCTBOBATH CXEMY CUCTEMBI YIIPABJICHUS.

4. VYCTaHOBJIEHO U3 BOJBT — aMIEPHOM XapaKTEPUCTUKHU YIPABJICHUS
YCTPOWCTBOM €MHOI0 MOBEPXHOCTHOIO MMOJisg, yTo HauuHas ¢ 60 A u go 300 A
JUHENHBIM yYacTOK BOJIBT — aMIIEPHOM XapaKTePUCTUKHU SBISIETCS pabouuM
y4aCTKOM HamlpsDKeHUsT W Hawbojiee mnoaxomsmmMm s padotel  YEIIIL.
Hanpsoxenne na YEIIII Ha 3TOM ydacTke HE 3aBHUCUT OT HPUJIOKEHHOIO TOKA, a
3aBUCUT TOJBKO OT KOHCTPYKTHBHBIX OCOOCHHOCTEW KaTyIEK WHIYyKTUBHOCTEH
0OMOTKH BO30Y>KJICHUS UCTIOJIHUTEILHOTO 3JIeMeHTa U MenHbIX cTtepxkaei Y EIII.
Jia  crabunpHoil pabotel  YEIIII onpeneneHo HanpspkeHHE — yIpaBJieHUS,
obecneunBatoniee ycrounpyto padory YEIIII B paboueM nuamna3oHe Toka.

5. IlpemnoxkeHa MeToauMKa pacuera Uil JIMHEHHOW MarHUTHOM CHUCTEMBI,
OIpPEIENICHBl ANEKTPOMATHUTHBIE CHIIbI OOMOTOK BO30YXJAEHHUS UCHOJHUTEIBLHOTO
AJEMEHTa TMpPU KX IOCHEAOBATEIBHOM UM MApPAJUICIbHOM  COECIMHEHUHU.
OCOOEHHOCTBIO ATOM METOJIMKH SBISETCS TO, UYTO COOTHOUIEHUS MEXKIY
NOTOKOCUEIJIEHUSIMU M TOKAMHU JJI1 TaKOW CHUCTEMbl WMEIOT BHUJ JIMHEWHBIX
ypaBHEHUH, colepKallliue HHIYKTUBHOCTb M B3aUMOWHIYKTUBHOCTH OOMOTOK
BO30YKJI€HUS UCTIOJTHUTEIHHOTO 2JIEMEHTA.

6. YcTaHOBIIEHO, YTO yCJIIOBUE MUHUMHU3AIIUU OTHOCUTEIIBHBIX MTOTEPHh B MEIU
0OMOTOK BO30YKJIEHHS C YU4E€TOM €r0 XapaKTePUCTUK MOXKHO OOCCTCUUTDH JIHUIIIH
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IpU BIIOJHE OMpeAeNieHHON (opMe MMIyJibca HANpsDKEHHs Ha MX 3aKMMax. B
AIEKTPOMArHUTHOM CHCTEME C HEHYJEBbIM aKTUBHBIM  CONPOTHUBICHUEM
AIEKTPUUYECKON 1I€MM U KOHEYHBIM 3HAYEHUEM HHAYKTUBHOCTH MOKHO MOJIYYUTb
MUHUMAJIbHYIO BEJIUYUHY OTHOCUTEIBHBIX MOTEPh HHEPIMU B MEAU OOMOTOK
BO30Y>KJICHHSI, €CJIM UMITYJIbChI KBaJpaTa TOKA U IPOU3BOJAHON UHAYKTUBHOCTH 10
BPEMEHHU BBITIOJIHATH OJIMHAKOBBIMU 1O (popMe.

7. MWccnenoBaHbl JAMHAMHYECKUE CBOMCTBA, BOINPOCHI YCTOHYMBOCTH H
OTNpEJIENICHbl 3aMachl YCTOWYMBOCTH TEPEXOJHBIX IMPOIECCOB [UJIsl peabHON
cuctembl ynpapnenus EIIDII, oGecneunBaroiiue HOpMalbHbIE PEKUMBI PAOOTHI
ycTpoicTtBa. M3 mpoOBENEHHBIX HKCIEPUMEHTAIBHBIX HCCIEIOBAHUNA pabOThI
cuctembl ynpasienus EIIDII cnemyer, uto HOBasi pa3paboTaHHas cucTeMa
MOJIHOCTBIO OTBEYAeT BCEM TpeOOBAaHUAM, TIPEIBABIAEMBIM K CHCTEMaM
YIPaBJICHUS TAKUMHU YCTPOUCTBAMH B TIMHAMHYECKUX PEKUMaX paOOTHI.

8. PaspaboraHpl aJrOpUTMBI pacyeTa HAJEKHOCTH YCTPOHUCTB CHUCTEM
yopasienuss EIIDII, koTopele MO3BOJSAIOT ONPEAEIUTh  KOJIMYECTBEHHBIC
XapaKTEPUCTUKHU UX HAJIEKHOCTH MPU IKCILTyaTal1H.
9.IlpombllieHHBIM OOpa3el MpOMIENT HUCHBITAHUS HA OYMCTHBIX COOPYKEHHUAX
Camapckorr  cranuun  aspauun  CCA  T'VYIIT «Cysco3». Hcnosb3oBanue
MPOMBIIIUIEHHOT'0 00pa3iia MO3BOJIWIO CHU3UTh KOJUTM-UHIEKC MPAKTUYECKH Ha 99
IPOLICHT.

10. PazpabGortanusie yctpoictBa cuctem ympanieHusi EIIDII obGecreunBator
MIPEBOCXOJCTBO 10 OCHOBHBIM TEXHHUYECKUM [apaMeTpaM TaKuM Kak:
KO3 (PUITMEHT TOJE3HOTO JEHCTBUSA, YPOBEHb IIyMa, MOTpediieMas MOIIHOCTh
AIIEKTPOIHEPTUH U BO3MOKHOCTD IIMPOKOIO MPUMEHEHUS.

I[Ipy  nmpuMeHeHMHM  YCTpPOIICTBA  CHCTEM  YIPABICHHUS  €AUHBIM
IIPOCTPAHCTBEHHBIM 3JIEKTPOMArHUTHBIM MOJEM HAJAEKHOCTh yBeauMuuiace B 1,4
pa3za, k03 UIIMEHT MOJE3HOro AeUcTBUS Ha 20MPOIEHT, MPOU3BOJUTEIBHOCTD
00pabOTKH BOJIBI U CPOK CITY>KOBbI TMTOBBICKJIACH B JIBa pasa.

OKoHOMUYECKH 3PHEKT OT BHEAPEHHUS YCTPONCTBA CHUCTEMBI YIpaBICHUS
EII3II cocTaBnser 67 MIH. CyM B TO/I.

Takum 00pa3oM, Ha OCHOBE TEOPETHYECKOTO OOOOIEHUS U MPAKTUYECKOU
peanu3anuu, HU3JI0OKEHHBIX B pabOTe€ HOBBIX HAYUYHBIX IIOJIOXKEHHH, pellieHa
KpynHasi TnpoOsiiemMa pa3padOTKH YCTPOMCTB CHUCTEM YIPABJICHUS €IUHBIM
MPOCTPAHCTBEHHBIM AIEKTPOMArHUTHBIM OJIEM, uMeronas BAXKHOE
HapOJHOXO3SIIICTBEHHOE 3HAUCHHUE.
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INTRODUCTION (Abstract of doctoral dissertation)

The topicality and demand of the theme of dissertation. At present, the
accelerated development of new technologies around the world enhances the
demand for the use of the electromagnetic field device management systems,
production processes, every day. The world is currently about 35% of sewage and
drinking water should be cleaned, decontaminated and desalted. In this context, the
rational use of drinking water, municipal and industrial, sewage, improving the
quality of processing, with the help of technical means of cleansing and
disinfection and technologies usoverschenstvovanie comprehensive measures are
priorities.

Globally, currently about 2-3% (KW. hour) of electricity generated is spent on
the purification of waste water, decontamination and desalination. In this regard,
one of the main objectives of the national economy is to provide decontamination
and desalination devices with high performance and efficiency, greater reliability
and energy efficiency, it becomes important.

In this regard, according to existing technologies reagent methods of cleaning
and disinfection are costly and ineffective, in which water is not enough cleaned
and disinfected, does not provide high reliability and economic efficiency. Based
on these provisions, it is appropriate to study, research devices, control systems
unified spatial electromagnetic field. On the basis of performed cleaning,
disinfection, desalination and desalination, which provides energy saving, high
reliability, performance, and versatility that is highly relevant.

In this regard, of particular interest is the introduction and improvement of
science-based technologies of processing and analysis of cleaning methods,
decontamination and desalination of water, based on the pulse and vortex electric,
electromagnetic, magnetic, gravitational and twisting vortex field device
management systems, unified spatial electromagnetic field.

This dissertation research to some extent is to complete the task given to the
Cabinet of Ministers "Improvement of water supply control systems», Ne320 of 21
July 2003 "On the economical use of water resources», Nel183 from April 14, 2004.

Relevant research priority areas of Science and Technology of the
Republic. This dissertation is made in accordance with the priority areas of science
and technology PPI-3 - "Energy, energy - resource conservation, transport,
mechanical engineering and instrument-making."

Review of foreign scientific research on the topic of the dissertation.

Extensive research on the development of components and devices of control
systems for medium cleaning and disinfection are carried out by large firms,
companies, research centers, universities and research institutes in foreign
countries, in particular the General Elektrik, SeaTEch (USA), Chint (China),
Simmens , Ge Fanuk (Germany), Mitshubishi (South Korea), HAWK, Festo (UK),
Rosa center of "conversion", LLC "Aquaphor-Trading" (Russia), MOX, ABB
(Denmark), Honeywell, Wonderwage (Holland ).

In the world of disinfection and cleansing done by a number of hardware and
technology, research and development in particular glass reinforcing polymers for
waste water, mechanical screens, sumps, septic tanks, and means of purification of
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compact station (Company of SALHER, Germany); microprocessor control
observing filtering drinking water, provides an improved electrical transformers
and magnetic parameters (Rosa center of "conversion”, Russia), MOHAVV
Denmark, based on the technology of ultra violet radiation of treated waste water
for industries and public utilities (Byreni epro, Russian), developed a new method
of purification phase of municipal waste water (Indiana Water Resources Research
Center, USA).

Are currently under research and development in priority areas of cleaning,
disinfection and desalination production and utilities, sewage, household and
drinking water with the help of a single spatial electromagnetic field control
system devices, directly on the direction of the pipe where water flows
simultaneously cleaned and disinfected, and they also destroy viruses and
microbes.

The extent of the problem of knowledge. An analysis of the literature shows
that cleaning, disinfection, and desalination of water devoted numerous works
related to the use of electrical energy, such as electrochemical, ultrasonic treatment
of silver ions, electrolysis, elektroflotatsionnye, electrophoresis, elektroagulyatsiya
processing VHF power and the creation of theoretical technological and practical
bases considered by scientists: Taniewska-Osinska Stefania, Palecz Bartlomiej,
Anthony J. Whetltr, Kanarev Ph.M., YP Rassadkin, VV Sidorenko MV Bobyr,
V.S.Titov, SG Emilyanov, AA Sheviakov, RV Yakovlev, IA Kalyaev VV
Korobkin, AP Kuhorenko et al.

Along with foreign scientists a major contribution to solving this problem,
scientists have brought our country, namely: AR Radjabov, MI lbragimov, AS
Bedrishev and other decontamination and desalination water treatment technology
in the rural areas with the use of electric and magnetic influences. However,
research to improve the effectiveness of cleaning, disinfection and desalination of
wastewater without the use of reagents in the control systems of devices a single
spatial electromagnetic field requires the following additional study.

In addition, when the system analysis of scientific and technical research, the
use of control systems Devices for cleaning, disinfection and desalination of waste
water and drinking water with energy-saving, high reliability, with a large capacity
Is not carried out enough research and methods for solving practical problems are
not reflected at the proper level.

Communication dissertation topic with the plans of scientific research
institution of higher education and research institution, where he completed
the thesis. The thesis is carried out in accordance with the plan of scientific -
research works of the Tashkent Institute of Railway Transport Engineers on the
following themes: economic treaty Ne86. "Integrated water disinfection system is
the electromagnetic field" (2004-2006), economic treaty Ne 98. «Production of
industrial design an integrated system of water disinfection magnetic field" (2007-
2008).

The purpose of the study is to provide a unified management systems spatial
electromagnetic field for cleaning, disinfection, desalination of sewage and
drinking water.
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To achieve this goal formulated the following research objectives:

to develop a pulsed system and a control system for cleaning, disinfection and
desalination wastewater and drinking water;

to develop a new design of a control system for purification, disinfection of
wastewater and drinking water on the basis of a single spatial electromagnetic
field;

the use of a single device management systems spatial electromagnetic field;
determination of the parameters of the field winding actuator control systems
unified spatial electromagnetic field;

research and a comparative analysis of the main characteristics of the control
systems of a single spatial electromagnetic field,;

development of recommendations for the practical application of the proposed
device.

The object of study: the device management systems unified spatial
electromagnetic field, its reliability, energy performance, stability, transient
processes, design processes.

Subject of research: technology development and research of the power pulse
devices, control systems unified spatial electromagnetic field for cleaning,
disinfecting and water desalination.

Research methods. The thesis used the theory of electric and magnetic
circuits, the theory of reliability of technical systems, analytical and experimental
research methods. Analytical methods based on modern theory of functional
electronics, semiconductor electronics and mathematical statistics. For charting
used Fourier series and programming elements. The proposed scheme thyristor
control system, the processes taking place in the scheme and reliability of the
systems used by the software package Electronics Workbench and C ++ Builder.

Methods of research. The scientific novelty of the research is as
follows:

developed the design scheme of control system devices thyristor
frequency converters to install water purification and disinfection pulsed
electromagnetic field;

first developed nonchemical treatment devices, disinfection, desalination
and desalination single spatial electromagnetic field;

theoretically proved the possibility of the formation and implementation
of a unified spatial field with the interaction of the longitudinal pulsed
electromagnetic fields, pulsed electric field, rotating electromagnetic and
gravitational fields;

first developed a unified management system device spatial rotating
electromagnetic field for disinfection, desalination with longitudinal and
transverse excitation windings;

developed a three-phase system control pulsed electromagnetic field
devices for water desalination.
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Practical research results are as follows:

created by modern devices unified spatial electromagnetic field control
system that increases 2 times the water processing performance and service
life, reliability, 1.4 times, the efficiency is 20%;

developed a unified management system device spatial electromagnetic
field with great efficiency and reliability, which eliminate the shortcomings
of the existing decontamination systems, purification and desalination of
water and the proposed technology significantly reduces the concentration
in water of phenols by 70% benzopyrene 96%, oil 40% , water disinfection
for Collie-index by 99% and total bacterial count (TBC) by 97%;

developed the main source of operating control power single spatial
electromagnetic field, which have the characteristic flat dipping steeply
dipping to the tail section, limiting the maximum short-circuit current;

developed a three-phase system control pulsed electromagnetic field
treatment for nonchemical water desalination device that enhances the
performance of water treatment;

an algorithm for the calculation of a single control system devices
reliability spatial rotating electromagnetic field with the influence of
temperature, humidity and solar radiation, which can determine the quality
characteristics of their reliability in operation.

The reliability of the results. The reliability is confirmed by the results of
theoretical and computational experimental studies and their mutual harmonization
of practices of their introduction and discussion of the results of research in various
scientific conferences and publication of research results in recognized scientific
journals Higher Attestation Commission under the Cabinet of Ministers.

The reliability of the results of research carried out is justified, and
with the results of full-scale theoretical and computational experimental
studies and their mutual consistency, practice, their introduction and
discussion of the results of research in various scientific conferences and
publication of research results in recognized scientific journals.

Research and practical value of research results.

The scientific importance the results obtained in the study is that that there is
provided a method of disinfecting and purifying water based on the theory of a
single spatial field with using the regulations of electromagnetic field
theory, which stipulates nonlinear dependence of the mechanical equivalent
from the field energy. With the help of suggested mechanical equivalent from
the field energy there can be calculated all known interactions:
electromagnetic, gravitational, strong and weak. There was suggested the
structural principle of power supply for SSFD’s control systems. It was
revealed that at low currents the characteristic of SSFD has a falling shape
and at current increasing the voltage on the device falls. This is a necessary
quality of the SSFD that was used when designing the control system
device. There was substantiated and determined the main power supply of
SSFD which has a gently sloping characteristics with steep-grade tail
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section that limits the maximal short-circuit current. There was determined
the section of the volt-ampere characteristics which is the voltage regulator
and the most suitable for SSFD work.

The practical value of the work is in application of the SSEF’s control
systems devices that is the experimental device of purification and
desalination of water by the surface single field "Baikal-2K-001" and the
device of disinfection, desalination, purification and desalinization of water
based on SSEF’s control systems. The implementations are provided by an
advantage of the main technical parameters such as electricity, reliability,
and the possibility of a wide range of using.

Realization of the results. Scientific and practical results of the research
in the form of the development of a single device spatial electromagnetic
field control systems deployed in JSC "Uzbekiston Temir Yollari" (the act
of acceptance for the introduction of 25.08.2015) (reference number NG /
3893-15 on the adoption to the implementation of the 15.12.2015). When
using a single spatial electromagnetic field device management systems
reliability has increased 1.4 times, the efficiency is 20%, the water
processing performance and service life increased by 2 times.

Total annual cost-effectiveness of the introduction of 67 million. sum.

Approbation of the work. The study tested 21 scientific conferences,
including 19 international conferences, schools and seminars: International
conference , "Innovation — 2012, 2014" (Tashkent, 2012,2014); International
scientific-practical conference devoted - anniversary of the Siberian State
University of Communication Lines "Innovative factors of Trans-Siberian
development at the present stage" (Novosibirsk, 2012); Seventh World
Conference on Intelligent Systems for Industrial Automation - WCIS - 2012,
WCIS - 2014, b - Quad rat Verlag. - (Tashkent, 2012, 2014); International
Scientific and Technical Conference "Modern means of communication"
(Minsk, Belarus, 2013); International Scientific Conference "Actual
problems of modern engineering and technology” Russian Federation
(Lipetsk, 2013, 2015); International scientific-practical conference (Kiev
2015).

Publication of results. Publication of the results. On the subject of the
dissertation was published 40 scientific papers, including - 1 monographs, one of
them published in foreign countries, 19 journal articles, 3 in foreign journals and
21 articles in collections of materials of international scientific conferences.

The structure and scope of the thesis. The thesis consists of an introduction,
five chapters, conclusion, bibliography, applications and contains 192 pages of
text, including 60 figures and 9 tables.
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MAIN CONTENTS OF DISSERTATION

In the introduction the urgency of the problem to be solved and
demand of the dissertation subject were substantiated, objectives and tasks
were formulated, a subject of study was identified, conformity of research
for priority directions of science and technology development of the
Republic of Uzbekistan was determined, scientific novelty and practical
results of the research were described, a reliability of obtained results was
substantiated, theoretical and practical value of obtained results was
disclosed, a list of adoption the findings and information on published
works and the dissertation structure were given.

In the first chapter « Analysis devices pulsed electromagnetic field
management systemsy, an analytical based on the analysis of existing pulsed
electromagnetic field’s control systems devices the issues of general
representation of a single spatial electromagnetic field and control systems
of the final control element’s device were studied.

The common methods of liquids and fluid products processing,
comprising the water treatment by the pulsed electromagnetic field, have a
low degree of water disinfection, low productivity, high specific power
consumption.

By the comparative analysis of existing methods and water disinfection
devices the ways of problem solution on increasing exposure providing the
electromagnetic field to the treated water by using a transverse magnetic
field were determined. The force lines of this field are directed
perpendicular to the direction of fluid flow and the vortex electrical field
produced by the rod which is inside and in the middle of the dielectric tube.

The comparative analysis of pulse-width and phase methods of voltage
regulation at the load was carried out. Based on the results of the review and
references analysis and in accordance with the intended purpose, the main
tasks of the study were formulated.

In the second chapter «Development of power electromagnetic devices
unified spatial field» is dedicated to the development of power
electromagnetic devices of a single spatial field, the study of the
electromagnetic device: using of pulsed and vortex electric field; using of
electromagnetic electric, magnetic and gravitational field; using a rotating
vortex field.

There was made a classification of power electromagnetic pulse
systems and power electromagnetic SSEF devices (Fig.1). Being examined
by us the power electromagnetic device of the single spatial field (DSSF) is
referred to the power electromagnetic pulse systems which parameters vary
under the influence of the control device. Depending on using type of
energy and type of energy carrier the pulse power systems are subdivided
into mechanical, pneumatic, hydraulic, electric, electrohydraulic,
electromechanical, electromagnetic and other combined pulse power
systems.
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Being examined power electromagnetic DSSF is referred to the power
electromagnetic pulse systems which parameters vary under the influence of
the control device and are subdivided into: Electromagnetic device with
using pulsed electromagnetic and vortex electric field; Electromagnetic
device with using of electromagnetic electric, magnetic and gravitational
field; Electromagnetic device with using of rotating vortex field.

Power pulse systems

7 N T

Mechanical Pneumatic Electric Hydraulic
Electromechanical Electrohydraulic Electromagnetic
v Y Y
Other combined power pulse systems
Y

Power electromagnetic pulse systems

/| N

Vibrators Press Riveting Doseres

Electromagnetic
pumps
and compressors

Electromagnetid
cars of shock
action

machines

Y

Power electromagnetic devices of a uniform spatial field

— N

The electromagnetic The electromagnetic
S device with use
device with use device with use O_r of the rotating
of electromagnetic and an ele(.:tromagnet_]c, vortex field
vortex electric field electric, magnetic
and gravitational field

The electromagnetic

Fig.1. Classification of electromagnetic pulse power systems

As the analysis of developed construction of the pulsed
electromagnetic field’s control systems devices showed, from all variants of
the water disinfection by pulsed electromagnetic field the proposed method
meets the requirements of reliability and stability with great efficiency.

Proposed SSEF’s control systems device makes possible the regulating
of transformation range of the voltage pulse in final control element of the
field winding.
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The device (Fig.2) consists of the following units and components: a
power transformer; converter; control system; the final control element in
the field winding form; water disinfection device in the form of a non-
metallic pipe; the final control element is a metal rod; flanges; fluid inlet;
fluid outlet of a new structure; output of bacteria and heavy metals remains.

We propose a method for simultaneously water disinfecting,
desalination and heating with the spatial electromagnetic field. Orbital
electrons of two hydrogen atoms and one oxygen atom create around
themselves a strong inhomogeneous electric field. The zone where the
gradient of its strength is higher is considered as a negative one, and where
it is less - as a positive one.

It is known that negative charges are positioned on the surface. The
more negative charges are in the water, the more it is saturated with oxygen.

To saturate the water with negative charges (oxygen) is used a vortex
electric field. The movement of negative charges therein occurs along a
helical line. Under the exposure of this field the pure water which saturated
with oxygen is led out from the reservoir.

Liquid input

Executive element -
excitement windings

Power transformer Transformer ; :
[ oS>
- 2

~220B
]

g

The disinfecting device -
nonmetallic core

Executive element -

s
( metal core

Exit of remains of bacteria

and heavy metals "
. g Exit of remains of bacteria and

heavy metals

Fig.2. Schematic view of construction and blocks of water disinfection of the single spatial
electromagnetic field’ (SSEF) device

The magnetic field strength is about 8TI, electric field - about 100
V/m. Similarly, there occurs the water desalination.

Heavy metals are removed outside from the tank by a special pipe
bend, equipped with a filter. Thus, a pure desalinated drinking water also
passes through the outlet.
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The thermal energy represents infrared and light bands’ photons of the
electromagnetic radiation. As a result of the pulsed electromagnetic field causes
cavitation of the water molecules, i.e. a formation of gas and air cavities. As a
result, increases the internal energy of the water, which leads to an increase of
temperature. Moreover, at low cost of the electricity occurs a sufficiently large
increase of the thermal energy. For example, in a three-meter tube with diameter of
200mm, the temperature is increased from 20°C to 80°C, at a cost of the electricity
of 7,2 kJ, in the thermal equivalent output we have 19,4 kJ.

The power transformer feeds a system of two inductance coils connected
between in parallel, opposite and in series with them a rod is connected. From the
control system a pulse is supplied which opens the thyristor and through the
inductance coil goes a current of 120A. The water flows with the speed of 0.2-0.4
m/sec.

Inductance coils create the transverse electromagnetic field.

The field exerts a force that creates additional pressure. Under the action of
this pressure the distance between the water molecules increases, where a space is
created in which bacteria and microorganisms fall. Then the water enters the vortex
electric field produced by the rod. The electric field shuts in the space, microbes
die and water provided with oxygen ions is winded onto the rod, while larger
particles settle down and are ejected through a nozzle disposed at an angle 45° of
the main pipe. The intensity of the treatment can be changed by changing the pulse
repetition rate and the change in the diameter of the pipe’s holes. For this purpose
the inlet and outlet of the pipe are fitted with reducing pipes which enable to
change inlet and outlet diameters of the pipe. The current amplitude can be
changed by the power autotransformer.

Transformer
Power transformer .
S : \ ‘ /)

"/

1|, 2 |

Input of initial liquid

3 ‘
Control system #

A
Pure exit / /

Executive elements

Exit of easy element Exit of heavy elements

1- power transformer; 2 — converter; 3 — control system; T— tube nonmetallic; M—metal rod; AE
— actuators(elements) of field windings; inlet of source liquid; outlet of pure water; outlet of light
elements; outlet of heavy elements.

Fig.3. Schematic representation of the experimental model of developed
device with control system

A suggested improved device of the single spatial electromagnetic field’s
control system shown in fig.3 is intended for nonchemical disinfection and
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purification of water with advanced energy, feasibility and performance
characteristics.

A pulse generator consists of the following functional blocks: univibrator, a
frequency divider, power amplifier, thyristor power supply, matching transformer.

Our proposed method is based on the disinfection of water at exposing of
low-energy pulsed electrical discharges.

A profitably differed from high-voltage methods with it small energy cost,
proposed method has a strong bactericidal effect. It is proved that the bactericidal
action efficiency of low-energy discharges is inversely proportional to the
operating voltage. The experimental results showed that the proposed technology
had been reliably reduced the concentration of phenols in water by 70%,
benzopyrene — 96%, oil products - by 40%. Water disinfection by collie index —
99%, TBC — 97%.

This technology allows:
* nonchemical disinfection of water;
* elimination of all kinds of microorganisms, including viruses and spores;
« sterilization of milk and liquid dairy products;
« sterilization of juices.

The main technical data:

Speed of water flow in the pipe (M/S) ...cooovvviiieiieiece e (0,2+0,4)
Pulsating current of the field winding (A) .....cccooveiiieviei e (80 + 300)
Voltage of the power transformer’s supply (B) .....ccoooeeeiiiiieiiiiiieieeeeee ~ 220
Frequency range of the converter regulation (Hz) ..............................(50 = 25)
Number of the field winding turns ...........ccccceevvieniiiieniieeee e 2 x 400
DiIimensions (M) ......eeeeeueeeeeiieeeeeieeeeeereeeeeereeeeerreeeeereeeesrreeeeeaseeeeeannes 6 x0,5%0,5
Pipe dIAMELET (IM) .oveieiie i reesnes 0,2
WeEIght (KE) oo e 500

The theory of a single spatial field assumes the interaction of four fields: a
pulsed longitudinal electromagnetic, pulsed electrical, rotational electromagnetic
and gravitational fields.

As is generally known in random section of the pipe with flowing liquid, the
center of gravity is located at a height h from the zero reference level acts
Bernoulli’s law. From point of view of the energy, the pressure P is the work that
Is made by external forces on a single volume of liquid

v Jot
W=,ogh+’02 R 1)

where £ — density of the fluid
v — velocity of movement through given section of the pipe
g — moment of inertia of the rotating fluid
® — angular velocity of the liquid rotation.
Water being in an enclosed space (non-conductive pipe) is under pressure from a
single spatial field, which is determined by the force per unit of outer surface:
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2
F = toHo” ®)

2
where F — the force exerted by the single spatial field
H,— field strength.
On the other hand:
,Uoiz
F=—2—, 3
87%a’ 3)

where a — radius of the pipe.

However, Maxwell's idea of the pressure field seems too formal - and it is
easier to visualize the origin of such pressure, as an interaction of a single spatial
field and the moving charges current.

~Uc B
A Ol

input of hydrochloric
water

B O——si 1

c o < @ ©

o

e

exit of the desalinated water

1- three-phase power supply source; 2 — converter - pulse three-phase generator; 3—three-phase
control system; 4 — excitation winding - the final control element in the form of a solenoid; 5 —
excitation winding - the final control element in the form of three-phase windings; 6 — two metal
rod; 7— pipe bends for light and heavy elements outlet (one for light elements exit and the second
for heavy elements exit); 8 — nonmetallic drain pipe; 9 — two gasholders for the accumulated gas
outlet in the input elements pipe from the water; salt water inlet; desalinated water outlet.

Fig. 4. Block diagram of the single spatial field device

A water molecule has a large dipole moment (P =6.1-10 KI-m), whereby at
distances which have a distance order between molecules and liquids electrical
field, which leads to separation of water and contained compounds in it

(r =1Z:10‘1° m), around itself appears the strong electric field. It is a reason of the
electric dissociation.

Consequently, a single spatial field enhances the process of dissociation in
water, and orbital electrons of two hydrogen atoms and one oxygen atom of water
create around itself a strong inhomogeneous o elements.

This process is enhanced due to the rotating electromagnetic field.
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It is known that the ratio of the Ampere force to the force pressure resistance is
called Stuart criterion

N="——, (4)
p-v
Where  » _ conductivity of the fluid,
B— magnetic field induction,
¢ — length of liquid space in the pipe.

Comparison of the Ampere force with the force of resistance gives us a

Hartmann criterion
Mo | Fa_p \ﬁ (5)
FTP n

n — coefficient of the viscosity of liquid.

If the liquid flows through the pipe across a single spatial field, then for
small numbers of Hartman or Stuart the field has small exposure on the flow
character, and a resistance to motion occurs mainly due to the liquid viscosity.

At large numbers of Hartman or Stuart the viscosity of the liquid goes into
background, the resistance to motion appears mainly due to interaction of the
liquid with a single spatial field. This process intensifies at the cavitation of water
molecules in the rotating electromagnetic field. As a result, water is saturated with
charged negative oxygen ions, that is, it becomes pure.

In fig.4. there is presented the installation of purification, disinfection and
desalination of water that we have developed.

Due to the various influences of external electromagnetic pulsed electric
fields on the ferromagnetic, paramagnetic and diamagnetic materials in the pipe
ridges and the gasholder all harmful to human health elements are ejected to
outside.

Thus, a single spatial field cleans, disinfects and desalts water. By adjusting
frequency, duration and amplitude of pulse voltages it can change character and
composition.

The third chapter «The development of management systems for spatial
electromagnetic field devices» is dedicated to the elaboration of control systems
for spatial electromagnetic field’s device, construction principles of power supply
for control systems of SSFD and were reviewed processes occurring in the device.

There was revealed that at low currents about 80 A the characteristic of
SSFD has a falling shape - with current increasing the voltage on the device falls.
It is very necessary feature of SSFD which was used at the elaboration of the
control device. In order to facilitate an obtaining of maximum electromagnetic
field usually are used oscillators and vary devices which increasing the output
voltage of SSFD.

In fig.5. the current-voltage characteristic of SSFD is shown.

where
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In fig.6. there is shown the current-voltage characteristic (CVC) control of
considered SSFD for currents less than 100 A, but it is how the characteristic of
source on this section will be similar to the characteristic of SSFD depends a
stability of SSFD work.

The main power source of SSFD has a flat dipping characteristic with a
steeply dipping tail section that limits the maximum short-circuit current ls.. A high
output load voltage of idle stroke provides stable and steady work of SSFD in all
modes.

A CVC section (fig.5.) which starts from 60A and extends to 300A, is a
voltage stabilizer and the most suitable for SSFD work.

u)

1201
100+
80 1
60 1
40 >

20>

.

1 f f f f f o
0 60 120 180 240 300 360 430

Fig.5. Current-voltage characteristic of a single spatial electromagnetic field

The voltage on SSFD of this section does not depend on the applied current,
and depends only on the design features of inductance coils and copper rod SSFD.
A rate of this voltage can be calculated by the formula:

U,=U,+U,, (6)
where  U,—voltage on SSFD, V ;
U.— voltage on coils, V ;
U.— voltage onrod, Vv ;

Voltage on coils of SSFD:
U, =IR,, @)
where R, =0.320hm — resistance of coils;
| =80A— current on coils;

U, =12Vv.
The total voltage on SSFD:
U, =(80x0.32) +12=37.6V . (8)
It was determined that in the operating range of 1=80A to I _, ensures

stable operation of SSFD a voltage not lower than 37,6 v, and for stable operation
of SSFD it is necessary a control voltage 46-52 v .
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Based on the required control voltage and current on the final control
element’s field bobbin, with the random change problem of the phase switching
control thyristor, a thyristor control scheme is proposed.

Frequency of control actions is set by the generator of sawtooth pulses —
SPG which rolls out two output voltages shifted on 180 electrical degrees.

The proposed (fig.7) pulse generator consists of the following functional
blocks: univibrator, frequency divider, power amplifier, power supply, disinfection
device, matching transformer and solenoidal coil-winding.

In the study of the impact to electromagnet voltage pulses efficiency in the

shape of a half-chopped wave the sinusoids varied the cutoff angles 0.
uv)

'y

-
120 -
100 =
e
B0 -
40 -

; f S
o 100 200 Sci ]

Fig.6. Current-voltage control characteristic

At the cutoff of leading edge an angle 0 varies from zero to 45° by the
falling edge - from 180° to 120°. Each new cutoff angle changes the pulse shape.
Consequently, the number of pulses are not actually equal to three but to the
number of cutoff corner variations.

Univibrator [— Separator — P ow er Amplifier
i T T
|

Pow er unit Devices o f disinfection|” | Pulse generator 220V

Fig.7. Block diagram of the pulse generator’s control device

In the fourth chapter «Studies devices unified spatial electromagnetic field
management systems» is dedicated to theoretical and experimental studies of
SSEF’s control systems devices.

There was suggested a method on disinfection and purification of water,
based on the theory of a single spatial field with using the theory of the
electromagnetic field, which stipulates nonlinear dependence of the mechanical
equivalent from the energy field (fig.8).

Starting from point "a" mechanical energy Wy, increases sharply with
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increasing of the energy field WF. As a result, under the exposure of getting energy

a mechanical work is carried out. On the field side acts a force which is determined
by ratio:

F = gradw,, 9)

where W,, — mechanical energy; F — force acting by single spatial field’s side;

W

1 — atangent line to nonlinear characteristics for the case of linear system;
2 — a dependence of mechanical energy from the energy of the field for the nonlinear system.
Fig. 8. The dependence of the mechanical equivalent from the field energy

A formula (9) allows the calculation of all known interactions:
electromagnetic, gravitational, strong and weak. For this it is necessary to know
the level of the primary energy concentrated in the space and energy variations of
this type of interaction.

The theory of a single spatial field involves the interaction of four fields:
electromagnetic pulse, electrical pulse, magnetic and gravitational constant.

There were considered installation models at switching on the field. It is
known that water has diamagnetic properties, and at the interaction with the
magnetic field it ejects from there. Consequently there should be the force
retarding the flow. Since a number of water molecules in each unit of volume are
equal, the curve of retarding forces represents a straight line.

Thus, inside of the solenoid and directly before it occurs a compression
section in the stream where the pressure of liquid is higher and the traverse speed is
low than in the rest of the stream. However, due to the bulk strength of fluid its
flow inseparable, and directly after the compression section should be formed
stretching section where the pressure is less, and the speed is higher than in the
main stream (point "C" in fig.9). The emergence of the field under the exposure of
a pressure gradient leads to effect of cavitation in water.

There were determined the expression of the electromagnetic force with two
exciting windings, using the basic analytical expression for the force and the
magnetic field energy.

Confine with giving of the final expression for the electromagnetic force in
a system with two exciting windings.

F, =dA, /d5 = (d/do)|1/ 2L, %7 + 1/ 2)(L, ¥ - M¥,¥,) |/ D). (10)
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where: M = M2 =My

A necessary condition for that the magnetic field energy appears a function of
the state.
Y, =L, + M, W, =M, 0, + L,.

A) TI‘—,-

epyura of
speed stream

epyura of forces
braking water

Fig.9. Installation model

Wy 1 . . w2 1 . .
Ao = ! (P 1My, -0)d ‘1‘1+£ (S ¥, =My )d ¥, = ”

= (%)([(Lz‘f’l2 12)+(LY¥; 12) =M, )9, ]),

where D — determinant consisting of coefficients of the equations (12), which are
not equal to zero:
D=LL, -M,M,,. (12)

For a linear magnetic system the co-energy is equal to the energy of the
magnetic field. Thus, to determine the force in the system with two exciting
windings as a result have

F, =—(1/2)i?(dL, /d&) + (1/ 2)i2 (dL, /dS) £ M i, i,]. (13)

More generally, the last summand in formula (13) must contain both signs to
consider a method of switching on the exciting windings in series or in parallel.

In fig.10. there was shown a functional block diagram of the single spatial
electromagnetic field’s control systems.

To find out of the sustainable operation area of the developed device, we
can use derived equation, dynamical properties of which are described by the
characteristic equation:

a,P*+a,P*+aP+a,=0, (14)
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where: a, =400; a, =16.8-10"°; a, =1.705-10°; a, =9.5-10°.

The stability of a linear system is determined by its characteristics and does
not depend from existing effects.

Using Hurwitz criterion, we will draw up a computer program and will
construct the stability area in the plane of the two characteristic parameters K and
T1. Find the equation of aperiodic stability boundary, equating to zero the absolute
term of the characteristic polynomial K= -1 vibrational boundary stability:

—> PS > CB > EW —’OV
(AVA A
l :
1
1
1
1
MR |----------- '

IV— input value; PS — power source; CB - control block; EW- exciting winding; MR - metal rod
(located in a nonmetallic pipe); OV- output value.

Fig.10. Functional diagram of the single spatial field’s control systems

a,a, —8,a; =0, (15)
From the equation (10) we obtain the equation of vibrational boundary
stability,
K=aa,/a, 1. (16)
There was made the Excel program for construction of vibrational boundary
stability by using the Hurwitz criterion.
By results there was built the stability area, which is presented in fig.11.
Area «A» is unstable. All parameter values determining with coordinates of
this segment, bordered stroke, i.e. an area "B" corresponds to a stable state of the
system.
From calculations and stability area implies that the system works in the
zone of stability.
Amplitude-phase-frequency characteristics and transition process quality to
actual parameters of control systems with an exciting winding of SSEF.
For a given element of schemes represent a passive electrical circuit
(Fig.12), which consists of active resistance and reactance in the following form.
According to the input — u; and output — u, voltages for passive real electrical
circuit define the transition function. With regard to the scheme branches (fig.12)
by changing the resistance of branches on complex impedance Z; and Z,, obtain
the following equivalent circuit (fig.13).
Through the equivalent resistance write the circuit transfer function:
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u,(p) Z,(p)
w =2 = £ . 17

With regard to the complex resistances of reactive elements and resistance
branches, writing them in the operator form with the time constants and

K 10
3 A
2
1 1IB1I
0 T, [C]
L L iy h

S R W N N N L L L N N

1 2 3 4 5 107

Fig.11. System stability area
H L Zl
2, — _

Lirl Uz U'I. ¢zz U!
) i )

Fig.13. The equivalent scheme

Fig. 12. Passive electrical circuit L
of passive circuit

coefficients give the final formula for the open-loop system:

K,(TS - P> +T,-P+1)

W = .
(p) k1(1+T11'P)(T222 ’ P2 +T21 ’ P)+k2(T222 ’ PZ +T23 : P"'l)

(18)

After some transformations we obtain the following final form of the
equation for the open-loop system:

2
W, ()= raPre  B)
a,P° +a,P°+a,P+a, A(p)
Here: aS:kl'Tll'TZZZ; a2=kl(T222+T11-T21)+k2-T222; a =k T4k, Ty =k,

62:k2'T222; 6, =K, Ty, 6, =K.

(19)
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A passive circuit has the following parameters:

R, =0170m; L, =15-10% I'n; R,=2000m; C,=2-10"° @,
L,=2-10%7%; w=2xf, =157 I'y; j=+-1.

Using the transfer functions of the closed automatic system at the input
action g=2B (step voltage) are calculated and made the transition process
characteristics. The transition function parameters:

k=R, —017; T,—-1-88235.107; k, =R, =200.1
Rl
_ ) L, 2.107° "
T,,=R;-C,=4-10 Y T, =4L;-C, =4-10 4;T23:F\’_z: 200 =107,

a, =k, -T,-T2 =5984-10° =60-10°; &, =k, (T>+T,-T,,) +k, - T =16-10";
a, =k, T, +k, T, =2:107°; a, =k, =200;
6,=k,-T;,=8-107 6 =k, T,,=2-107%; ¢, =k, =200.

The characteristic polynomial of the closed automatic system is determined
as the sum of the numerator and denominator of the open system polynomials, i.e.,
A(p):aép3+a'2p2+'1p+a6+62-p2+61p+60. (20)

After some reductions, we obtain the equation of the third order with the
following coefficients, i.e.:
a, =a, +6, =400; a, =a, +6, =2,02-107;
a,=a,+6,=16-10"; a, =a; =60-107°.
A(p):a3-p3+a2p2+al-p+a0. (21)
Were determined roots of the characteristic polynomial with using of
Cardan formula. In this case, it will be properly,

a, P, =-188,501212
V= a, P=—P,= 92,9173—163,5026]'. . (22)
a, P, =92,9173+163,5026 |
a3
By differentiate the characteristic equation (20) of the polynomial on the
parameter
we obtain:
Q(p)=3'a3p2+2a2p+ai' (23)
If in the denominator of polynomial (19) transfer function
B(p) = 62p2 +6,p+6y, (24)
then

a) stable component

75



BO).

Yo :gA(O)’ (25)
b) transient component
B(pk)'eXp(pk)
t) = : 26
y() gg pk'Q(pk) ( )
C) transient response
y(t) =y, +y (). (27)
y“ - T >
y(t)
. IR Era /yo
vl
£
> T
T —
0 0,01 0,02 f

Fig.14. Transition process characteristic

Characteristics of the transition process are shown in fig.14.

There was revealed that the transient response in the control system has
some restrictions associated with peculiarities of the system work.

In the fifth chapter «Evaluation of reliability, cost-effectiveness and
guestions of application of a single device spatial electromagnetic field
management systems» is dedicated to evaluation of the reliability, cost-
effectiveness and using of the developed SSEF’s control systems device. At the
same time, there were studied values of reliability, cost-effectiveness calculations,
general performance data of developed device for control and using SSEF's control
system device.

There was made the approximate calculation of reliability of two developed
control devices of the single spatial electromagnetic field with the influence on the
developed device of temperature, humidity, solar radiation and other factors.

Studies carried out on the prototype reliability and developed control device
of the single surface electromagnetic field showed that this is the most reliable
developed device.

In the dissertation there were shown some examples of the developed device
practical application in: chemical industry; food industry; housing; small energy;
agriculture; cattle breeding; medicine; part of a technological complex.

In conclusion of the dissertation results of research were summarized and the
main conclusions were formulated.

The appendix of the dissertation are given: a schematic representation of the

design; drawings and diagrams of simulation of control systems; Booklets on the
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participation in the innovation fair; Acts of the tests of the prototype commercial
plant water disinfection; acts to implement and help on the use of research results.

CONCLUSION

Summarizing the results of carried out researches the comprehensive studies
of the SSDF were conducted for the first time in the dissertation. Industrial,
experimental and theoretical studies allowed to determine a stable work of SSDF
by using modern electronic control devices which provide a stable work in its
operating range.

The main scientific results, conclusions and recommendations of the work are
the following:

1. There was determined that study of issues of the comparative analysis of
electromagnetic pulse power systems and power control systems of
electromagnetic devices of a single spatial field showed that the device of final
control element, based on pulse electromagnetic field and vortex electric field
using much more fully meets the requirements.

2. There was developed a control system with thyristor inverter of frequency
for the plant of purification and disinfection of water by the pulsed electromagnetic
field, providing consistency of shape and amplitude of the oscillation energy in the
executive solenoid of exciting winding.

3. There were studied devices of final control element’s control system with
using of Elektronics Workbench software and tool program C ++ Builder. The
modeled data gave the possibility to clarify and visually examine processes taking
place in device and improve the control system scheme.

4. There was stated from a current-voltage characteristic of the single surface
field’s device control that starting from 60 A to 300 A the section of a current-
voltage characteristic (linear section) is the voltage stabilizer and most suitable for
SSFD work. The voltage in the SSFD on this section does not depend on the
applied current, and depends only on the design features of the inductance coils of
final control element’s exciting windings and copper rod of SSFD. For the stable
operation of SSFD there was determined a control voltage providing the stable
work of SSFD in the current working range.

5. There was proposed the calculation method for the linear magnetic system,
determined the electromagnetic force field winding of the final control element at
serial and parallel connection. A feature of this method is that the ratios between
the flux linkages and currents for such a system are written in the form of linear
equations containing inductance and mutual inductance of exciting windings of the
final control element.

6. There was found that minimizing condition of relative losses in the copper
of the field winding taking into account its characteristics can be provided only
with a definite form of voltage impulse at its clamps. In the electromagnetic system
with non-zero internal resistance of the circuit and the final value of inductance can
be obtained the minimum value of the relative energy losses in the copper of
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exciting winding if pulses of the square of the current and inductance derivative to
carry out with respect to time at similar form.

7. There were shown the dynamic properties and sustainability issues, as well
as the reserves of stability and transients for SSEF real control systems were
identified to ensure the normal operation of the device. Experimental studies of
SSEF control system showed that newly developed system meets all the
requirements of the control systems of such devices in the dynamic conditions of
their work.

8. There were developed the algorithms for calculating the reliability of SSEF
control systems that allow us to determine the quantitative characteristics of
reliability in operation.
9.The industrial model has passed tests at sewage treatment plants of Salar WWTP
"Suvsoz." The use of industrial model has reduced the collie-index almost to 99%.

10. The developed device management systems SSEF on key technical
indicators and parameters is significantly superior.

When using the device management systems common spatial electromagnetic
field reliability exceeds 1,30 times the prototype, the efficiency of 20% water
disinfection performance and service life is increased twice.

The economic effect of the introduction of the device management system is
EPEP 67 million. sum per year.

Thus, on the basis of theoretical generalization and implementation set out in
the new research positions, solved a big problem of developing a unified device
management systems spatial electromagnetic field which is of great economic
Importance.
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