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Abstract. The purpose of this work is to analyze articles in the direction of "hippotherapy", since
quite a lot of knowledge has been accumulated since the formation of hippotherapy as one of the
methods of habilitation and rehabilitation. In view of this, it becomes necessary to conduct a sys-
tematic review of the scientific literature in order to determine the possibilities of hippotherapy in
the field of rehabilitation both on a live horse and on a riding simulator for people with disabilities.
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BJINAHUE SAHATUA UNMOTEPAMNMUEN HA )XUBOW
JIOWAOU U CUMYJIATOPE BEPXOBOW E3 bl HA
JIIOQEN C OrPAHU4EHHBIMU BO3MOXXHOCTAMMU

Annortanmst. Lleapio AaHHOI pabOTHI IBASIETCS QHAAU3 CTATEH [T0 HATIPABACHHIO <« HIIIIOTEPAIINS >,
TaK KaK OBIAO HAKOIIA€HO AOBOABHO MHOTO 3HAHHI1 C MOMEHTA CTAHOBA€HIS HITIIOTEPAITHY B KA4eCTBe
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Section 1. Medical Science

OAHOTO U3 CrI0co60B abuAnTAIMY U peabuanTanu. BBHAY 9TOrO BO3HHKaeT HEOOXOAUMOCTb IIPO-

BCACHHA CUCTEMATHYICCKOIO O630p8. HaquOfI AHUTEPATYPBI C OEADIO OIIPEACACHH BO3MOXXHOCTEM

UIIIOTepanuy B cpepe peabUANTALUY KaK Ha )XUBO! AOMIAAM, TaK K HA CUMYASITOPE BEPXOBOII e3AbI

AAA AIOACIZ C OI'paHHY€HHbIMU BO3MOXXHOCTSAMHU 3AOPOBbI.

KaroueBbie cAOBa: UIIIOTEPAITHs], IOCTYPAABHBIN OAAAHC, IIepeOPAABHBII IIAPAANY, PACCTPOI-

CTBa AyTUCTUYECKOTO CIIEKTPa, CTATUIECKOE 1 ANHAMHUYECKOE€ PaBHOBECHE, KOTHUTHUBHOE pa3BUTUE,

Tepamnusia C IOMOIIBIO AOIIAAM, CEHCO-MOTOPHAas MHTEIpalusd, AedebHas BepxoBasd €3Aa, CUMYAATOP

BEPXOBOM €3ABL.

Bo muorux crpanax Espornsl u AMepuke Tepanus
c momombio Aomaar — Equine assisted therapy (EAT)
IPU3HAHA METOAOM PeabHAMTALIIH, UMeeT MPOPeccH-
OHaAbHBIE K 0Opa3oBaTeAbHbIe CTaHAAPTHL C KAMeH-
TaMU pabOTAIOT OIbITHBIE PUIUYECKIE TePATIEBTH, 9P-
FOTepPAIeBThI ¥ TPEHEPHI IT0 Ae4eOHOI BEPXOBOIL e3€.
Y Hac unmnoTepanus oKa He UMeeT yTBepPKACHHBIX
CTaHAAPTOB U He BCTPOEHA B CTPYKTYpPY peabHanTa-
ITHOHHBIX MeponpuATuil. OAHAKO, CeiYac IPHUHAT PSIA
3aKOHOB, HA OCHOBAaHHU KOTOPbIX K 2023 roAy AOAKeH
IIPOU3OMTH IIOAHBIN ITEPEXOA K COLIHAABHOM MOAEAU
peabrANTAIIMOHHOM TOMOIIM Ha OCHOBe MexxayHa-
poaHOM Kaaccu$ukauu QyHKIIMOHHpOoBaHMs. B cB4-
31 C 9THM, OBIAO OBI AOTHYHO OOpailieHIe K OIBITY
HHOCTPAHHbBIX KOAAET, YTOOBI OIIPEACAUTD MECTO Tepa-
MU C IOMOIIIBIO AOIIAAU M TEPAITHK Ha CUMYASITOpaxX
BEPXOBOM €3AbI — UIIIIOTPEHAKEPAX B 9TON CUCTEME.

Vnnoreparus (3aech — co6UpaTeAbHbIit TEpPMHUH
AASI HECKOABKHX BHAOB Tepaltu C IIOMOIIbIO AOIIA-
Au: IToMomb ATOASIM C MEHTAABHBIMU HapylIeHUAMH
(Equine assisted mental therapy) u Unmnorepanus
(Hippotherapy) B CIIIA, y nac — Kaaccuueckas
unnorepanus u PassuBaiomas BepxoBas e3pQ)
HCTOPHYECKH HUCIIOAB30BAAACH AASL peabUAMTAIIUH
U yAYYIIeHHS Ka4eCTBa )KU3HMU MAlJUeHTOB C HEBPOAO-
rugeckumu (AL, UHCYABT) HAM APYTHMHU HapYIIe-
HusIMH, TakuMu Kak PAC, 3apeprkka ICHX0-pedeBoro
Pa3BUTHS, BOCIIAAHTEABHbBIE 3200A€BaHHS CYyCTaBOB,
PaCCesiHHBIN CKAEPO3, TPAaBMa FOAOBBI M CITHHHOTO
MO3ra, TIOBeAeHYeCKHe PacCTPOMCTBA M ICHXHYe-
cKkme paccTpoiictsa [28].

ITeApio AQHHOTO HCCAEAOBAHMS SBASITCS IIPOBe-
AeHHe CHCTeMaTHIeCKOro 0630pa Hay4yHOM AMTepa-

TYPBI AASL OTIPEAEACHIS] BO3MOYXKHOCTEH HITIIOTepa-
nuu B cdepe peabrantanyu (Ha KUBOK AOIIAAM HAK
Ha cumyastope BE) AAs Afopeit ¢ OrpaHMYeHHBIMU
BO3MOXXHOCTSIMU.

MarepHaAbI H METOABI

O630p Hay4HO! AuWTeparypbl OBIA IIpOBe-
AeH TyTeM momcka B 6asax aanHbix Cochrane
Library, Sciencedirect, Researchgate, Pubmed,
Semanticscholar. B xadecTBe KAIOUEBBIX CAOB HC-
nioap3oBaAuch «Hippotherapy>, «Horseback riding
therapy>, «Equine assisted therapy>. Kpurepusamu
IIOHCKA TakoKe OBIAM CPOKH ITyOAMKALIMY — He paHee
1995 roaa, mybABKaIjs B )XypHAAAX COOTBETCTBYIO-
1eft TeMaTHKH — GpU3MYECKAs TePAITHsl, HEBPOAOTHSI,
OPTOIIeAHS], ACTCKAsI  B3pOCAAS PeAOHAHTAIINS, d TAK-
’Ke BeTepUHAPHSL.

IIpesxae Bcero, U AOLIAAD, U CUMYASITOP BEPXO-
Boit e3pbl (BE), kak aAbTepHaTHBa TepaneBTHYeCKOi
e3Ae, IBASIIOTCS H3UIeCKUMHU TpeHaxepaMu. CunTa-
eTCsl, UTO AOLIAAD IIEPEAAET Tady BCAAHHKA KoAeba-
HHS, KOTOPbIe OYeHb 6AU3KH (XOTb U OTAMYAIOTCS 11O
HEKOTOPBIM [IAPAMETPaM) eCTECTBEHHbIM ABHKEHHU-
am npu xopb6e [ 6]. OAHMMM U3 BaXKHBIX TAPAMETPOB
9TOrO KOAeDAHUS SIBASIETCS €rO TPEXIAOCKOCTHAS
cTpyKTypa (BepTHKaAbHbIE KOA€OAHNS B COYETAaHUM
¥ TOPU3OHTAABHBIMU U C POTAIJHOHHBIM KOMITOHEH-
TOM) U TAAQAKOCTb T€OMETPHYECKIX KPUBbIX Ha Tpa-
$HKax ABHKEHUI.

Eme H. A. BepHiuTefiHOM ObIAO IOAMEYEHO, YTO
XapakKTep ABIDKEHHs YeAOBeKa SIBASIETCS Hamboaee
YyBCTBUTEABHBIM HHAMKATOPOM QYHKIIMOHUPOBAHUS
ero opranuama [2]. ABIKeHHe 3A0pPOBOTO YeAOBEKa
OTAMYAETCsI IPALIMO3HOCTDIO, IAACTUYHOCTBIO 1 IIAAB-
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HOCTBIO. [AaAKOCTD JacTO paccMaTpHBaeTcs Kak OT-
AUYHTEAbHAS YepTa YMEAOTO, CKOOPAMHHPOBAHHOTO
awkerns [15]. OHa yBeAnduBaercst ¢ pasBuTHEM
HEpBHOI1 cucteMmsl [ 5], B mpouecce 06y4eHuns ABUra-
TeABHBIM HaBblKaM [4 ). [IpepbIBUCTOCTD ABIKEHHS
MOXeT HAaOAIOAQTBCS IIPU ABIDKEHUSIX BEPXHEH KO-
HEYHOCTH y AeTell MaaalIe 6 MecsiieB [ S ], mpu pocTa-
TOYHO MEAACHHDIX ABIKeHUSIX [ 12 ], Ipy ABIOKeHUSIX,
Tpebyromux 0co60il TOYHOCTH [7], U y IaLMeHTOB
C HapyIIeHHeM MOTOPHOTO KOHTPOAS, BBI3BAHHOTO
HEBPOAOTHYECKMMH IIOBPEXACHISIMH, TAKUMH KaK
mHCYABT [ 20], paccestHHbIA ckaepo3 [9], 6oaesus Tap-
kuHCoHa [11] T . Apyrumu cAOBaMH, €CTeCTBEHHbIE
ABIDKEHHSI 3A0POBOT'O YeAOBEeKa KMHEMaTHYeCKH Xa-
PAKTePH3YIOIIMECS TAAAKIMHE TPaeKTopusamu [3 |, BTo
BpeMs Kak MoBpexxaeHHOe 3BeH0 OAA mpousBoAuT
[IpepHIBUCTbIE ABIDKEHIS M He CIIOCOOHO IIPOU3BO-
AUTD [IAQBHBIE ABIDKEHHUS HA AOCTYIIHOM eMy 0ObeMe
ABIDKeHUH. B Hefip0PH3HOAOT I CINTAETCS, YTO TAAA-
KHe ABIDKEHUS SIBASIIOTCS pe3yAbTaTOM MUHIMH3AIIUH
Pusmueckux ycuamii [ 14].

Tepanesruueckuit a¢ppext EAT, onmcpiBaempIit
KAMHUIIMCTAMH, BepOsTHee BCEro, CBA3AH C PeaKIfHs-
MH IIOCTYPAABHOTO KOHTPOAS, BO3HHKAIOIIUMU B OT-
BeT Ha apepeHTHbIe CTUMYABI OT BECTUOYASIPHOM,
IPONPHOLENITUBHOMN U 3PUTEABHOM cucTeM [1].

IIpy Takux HapYUIEHHUAX 3AOPOBbsI, KaK ACTCKHUIH
nepebpaabrbrit mapaand (ALITT), 3To MOXeT oAOXKH-
TEABHO IIOBAMATD Ha OCAHKY, pOPMHPOBAHHE HOBBIX
HABBIKOB MOOMABHOCTH HAH YAYYILIIEHHE YIKe CYILIeCTBY-
IOIIMX MOTOPHBIX aTTepPHOB [ 19; 24; 25 ). Yayumenue
KPYTIHBIX MOTOPHbIX HaBBIKOB MOXXET ITEPEHOCUTDHCS
B IIOBCEAHEBHYIO AESITEABHOCTDb U COXPAHSTBCA B Te-
YeHHEe HECKOABKUX HEAEAD, OAHAKO, Ha CITACTUYHOCTD
MBIIIL| MIITIOTEPAIKS IIPOAOHTMPOBAHO He BAHSET [ 25 ].

Y HMOXHABIX AIOA€H MITIOTEepanus MOXeT OBITh
3¢ PeKTUBHBIM METOAOM YAYUIIeHHS QYHKITMOHAAD-
HOH ITOABIDKHOCTH, AMHAMHYECKOTO pPaBHOBECHS
U rHOKOCTH, CIIOCOOHOCTH COXPAHSITh PaBHOBECHE,
KaK MpoPHUAAKTHKA TTAACHUI [18,27].

Kpome BospelicTBHA Ha MOTOPHYIO Cdepy, UCCAe-
AOBaTeAW OTMEYAIOT U APYTHe IOAOXKHUTEAbHbIE d¢-

¢exror EAT npu pazaununbix 3aboseBanmsx. Tak, Ha-
IpuMep, TP Ay TUCTUYECKOM CIIeKTpe PacCTpOMCTB
IIOMHMO VAYYIIEHHUsl IIOKa3aTeAell CTaTH4eCKOIo
U AMHAMHUYECKOTO PaBHOBECHS [21], oTmeuaeTcs
yAydIlleHHe KOMMYHHUKATHBHbBIX HABBIKOB y pebeH-
Ka Ha 3aHSATUHU U B AOMAIIHEl CpeAe IMocAe Kypca
3aHATHil [22], yAyYIIEeHUS B KOTHUTUBHOM U 3MO-
IIMOHAABHOM Cdepax, IOCKOABKY peOeHOK AOAKeH
COCPEeAOTOYUTHCS Ha KOHTPOAE, BHUMaHHH, a TAKXKe
BepbOAABHOM U HeBepOaAbHOM OOLIeHUH, YTOOBI 3a-
HUMATbCs BepxoBoil e3poit [ 17]. Crienmaaucror u3
Typumu oTMeyaroT yAydlIeHHe IICUX0-COIfUAABHOTO
noBeaeHus peterl ¢ PAC u He6oAbLIOe CHIDKEHHe
CHUMIITOMOB ayTHCTUYECKOIO CIIEKTPa: MMH ObIAU
OOHapY>KeHbI CTATUCTUYECKH 3HAYUMbIE PAZAMILS
B QU3HYECKUX, SMOIJUOHAABHBIX U IICUXOCOITHAAD-
Hbix nokasareasx PedsQL (MoaeAb u3MepeHus kave-
CTBa KHM3HH AeTel), B IIOCTPOEHUH B3aUMOOTHOIIIe-
HUM, MCIIOAb30BAaHUHU TeAA U IPEAMETOB, SI3bIKOBBIX
HaBbIKaX, COLIMAAbHBIX HaBbIKaX M HaBbIKAX CAMOOO-
cayxuBanms [ 13 ] ). ['py3unckie koasern 060CHOBBI-
BAIOT B pe3yAbTaTe KAUHIHYECKOTO 9KCIIepUMeHTa HC-
IIOAb30BaHKE AOIIAAU B TEPAIIMHU AeTeH C CHHAPOMOM
AeduruTa BuUManus u runepaktusHoctbio (CABIL)
C TIOAO>XKUTEABHOM AMHAMUKOM B BHAE YAyUILIeHUE I10-
Ka3aTeAel HeHPOICUXOAOTHIECKUX TECTOB, 00Imeit
MOTOPHOM KOOPAHMHAIINH, 9MOLIMOHAABHOIO CaMO-
KOHTPOAS M CAMOAUCIIMIIAUHBI [23].

Y 3A0OpOBBIX MAIMEHTOB Pe3yAbTAThl HCCAEAO-
BaHHMM TaKke MOATBEPAUAU TMIIOTE3Y O TOM, YTO
AeTH OYAYT HCIIBITBIBATD yBEAUYEHHE [TO3UTUBHOM
MACHTUYHOCTH, YAYYIIeHHe COLIMAAbHBIX U PU3H-
YeCKMX HaBBIKOB: [0 Pe3yAbTaTaM aHKeTHPOBaHMS
POAUTEAEH TIOCAE 3AHATUH T€PAIeBTUYECKOH €3A0H1
B A€THEM Aarepe UX AeTH YyBCTBOBAAU ITOBIIEHHYIO
yBepEHHOCTb, HAYYUAKCh BEPUTh B CBOU CIIOCOOHO-
CTH 1 9yBCTBOBaAH ce6s1 6oAaee KOMPOPTHO ITpHU BbI-
TIOAHEHHH MepONPHATHIL (€3 OMOIIU B3POCABIX [ 8].

Takoit IIMPOKUN CIEKTP BAMSHHA Ha 3A0-
pOBbe BCAAHMKA HCCAGAOBAT€AU IIPUIIMCBHIBAIOT
MYABTHCEHCOPHON CTUMYASIIIMH, KOTOPYIO IIOAY-
vaer manueHT Ha 3aHsaTuu EAT: BecTubyasipHOI,
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MIPONPHUOPELIENITUBHOM, TAKTUABHOM, 3pUTEAbHOM,
CAYXOBOWU U pA2Ke 060HATeABHOI [26]!

CuMyASTOPBI BEPXOBOM €3AbI M MITIIOTPEeHaKePhl
MIOSIBUAKCD B Ka4eCTBe aAbTePHATHBbI PeaAbHOM Bep-
XOBOI1 €3A€, IIOCKOABKY OHHU CIIOCOOHBI 00ecrednTh
COIIOCTaBUMBIII HAOOp CTHMYAOB, KOTOpbIe MOTYT
IPUBECTH K CIIeupUIeCKUM IOCTYPAAbHBIM PeaKIiy-
sm. TpeHaxep mmepeaaeT KoaebaHNUs, TOCTPOEHHBIE ITO
AHAAOTHU C BO3AEHICTBIEM CITUHBI AOLIIAAY ITPU XOABOe
U, TIO pe3yAbTaTaM MeTa-aHAAM3a MAaTePHAAOB CTaTeH
Ha 2020 rop, sIBASIETCSI MHOTOO0eIIA0IIUM HHCTPY-
MEHTOM AASI CHIDKEHUSI yPOBHSI O0OAM Y AIOA€H, CTpasa-
romux ot Aromb6aaruu [ 10]. OaHako, cumyasTop Bep-
XOBOM e3AbI UMeeT Kak npeumyectsa nepep EAT, Tak
Y HEKOTOPbIe 3HAYMMble OTPaHHYeHMS:

1) Cumyastop BE umeer nporpaMmupyemyo am-
IIAUTYAY H YaCTOTY KOA€OAHUIL, KOTOPbIE MOXKET ObITh
AWIIEeHA HEAOCTATKOB YeThIPEXTAKTHOTO 1Iara AOIIAAU
(6).

2) AOCTYIHOCTD 3aHATHIL Ha CUMYAATOPAX AAS
MAIMEHTOB, TaK KaK CTATUCTUYECKU OOABIIMHCTBO KO-
HIOIIEH BBIHOCUTCSI 3 IIPEAEABI TOPOACKO CPeAbL, TYAQ
CAOXKHO AOOHPATBCsl, @ TPEHAKEPHI MOTYT OBITH yCTa-
HOBA€HBI B PeaOHANTAIIMOHHBIX IIeHTPAX K OTACACHISIX
IO HECKOABKO LIITYK B OAHOM HEOOABIIOM [TOMEIeHHHL.

3) OKOHOMHYECKas COCTABASIONIAS: TeXHUYe-
CKOe 0OCAy)XMBaHHe MAIIMHBI AellIeBAe, YeM 3aTpa-
Th, CBSI3AHHBIE C YXOAOM, COAEPYKAHUEM U O0ydIeHNU-
eM AOIIaAeH, a TaKoKe C 00yUeHHneM 1IeAOH KOMAHADI
CIIEITAANCTOB.

4) YMmeHbIIeHHe YPOBHS Harpy3KH IIpH paBHOM
AAVMHE 3aHSTHUH M3-33 MIPEACKA3yeMOCTH ABYDKEHHM
CHUMYASITOPa, U30MOPPHOCTH BCeX IepepaBaeMbIX
CTUMyAOB U 06e30IaCHOTO U KOMQPOPTHOIO IpO-
CTPaHCTBEHHOI'O PaCIIOAOXKEHHE CAMOTO CHUMYASITO-
pa, 9TO MOXeT 6bITh BaXKHO AAs AeTeit ¢ PAC u mo-
JKHABIX AIOA€I ¢ 60Ae3HbI0 [TapkuHCOHa, HanpuMep
[16],y KOTOPBIX MOXKET OBITH CTPaX HAH OeCIIOKOM-
CTBO ITPH €3A€ Ha KUBOM AOIITAAM.

3aHATHSI HA CUMYASITOPE IIPOXOAST B 00€AHEHHOI
CEHCOPHOM CpeAg, TO €CTb B IIOMEII|eH!H, TA€ HeT AHIII-
HHX 3ByKOB, KOHTPOAUPYETCsI TEMIIEePaTyPHBI PeXUM

Y KAUEHT/ [TAIJUeHT OAET B YAOOHYIO OAEKAY, YTO MO-
»xeT 6b1Th rArocoM. OAHAKO, HO HeT aTMOCephI MaHe-
’Ka ¥ CAMOT'O OOABIIIOTO, ITYIIUCTOTO U TEITAOTO YKUBOT-
HOIO (TeMnepaTypa AoIIaAM B HOpMe Ha 1,5 rpaayca
BBIIIE, 4eM Y YeAOBeKa).

Heo6x0AMMO TaxoKe YIUTHIBATh TaKHe aCIIEKTBI,
ocaoxusgromue 3anatus EAT, kak HemoaAXoAsIas
IIOTOAQ U PUCK ITPOSIBACHHS AAAPIHYeCKHIX PeaKIUH
y KAUEHTOB/ IaLHEHTOB.

Pe3yabTaThl HCCACAOBAaHHSA

B pesyabrare aHaau3sa 20 HayyHbBIX CTaTeH, IO-
CBSIIEHHBIX HM3y4YEeHHIO OAArOTBOPHOTO BAMSHHS
UIIIOTEePANrU M S HAyYHBIX CTaTeH, OCBSIeHHbIX
TeparneBTHIeCKOMY 3¢ PeKTy Ipu paboTe Ha UIIIO-
TpeHaKepe OBIA BBISIBACH PSIA CXOXKUX YePT U PA3AU-
YU MeXAY “TpeHaXepaMH .

3aHATHS Ha CUMyAsiTOpe OoAee AOCTYIIHBI 11O
IieHe, He TPeOYIOT IPUCY TCTBHSI KOMAHABI CITeLIHAAH-
CTOB, UMEIOT HU3KHI1 PUCK TPAaBMAaTH3Ma, AOCTYTIHBI
AASL 3aHSTHIL B TOPOACKOM CpeAe, TaK KaK X YCTaHOB-
Ka BO3MOXKHA B AF0OOM peabHAUTAI[IOHHOM LIEHTPe
UAM CTIOPTHBHOM 3aAe, UIMEIOT HU3KO HACBIIEHHYIO
CEHCOPHYIO CpeAy U YAOOHBIN PeXUM AO3HUpPOBa-
HUM HarpyskH, sBAseTcs 9QPeKTHBHBIM CPEACTBOM
CIIOCOOOM A€dYeHHUsT AFOMOAATHH, MOT'YT UMETh IIpe-
HMYIecTBa IpU paboTe C IMOKUABIMU IaIjeHTaMU
u aetbMH ¢ PAC c LIeAbI0 AOCTIDKEHHUS IeAell B 00-
AACTH ABUTaTEAbHOM CPephl.

3aHATHS Ha )KUBOW AOIIAAM, OAAropapst HAaChI-
I[eHHOM CEHCOPHOM CpeAe, CIMTAITCA 3P PEeKTHUB-
HbBIM CPEACTBOM AASL PAOOTBI C AFOABMH, UMEIOIIIMU
KOTHUTHBHbIE M 3MOILMOHAABHbIE PAaCCTPOMCTBA.
B o6aacTy $pu3M4eCKOro pa3BUTHS UIIIOTEPaIus Ha
JKMBOM AOIIAAU CIIOCOOHA YAYYLINTD YHKIMOHAAD-
HYIO TIOABM>KHOCTD M ITOCTYPAAbHBIF KOHTPOAD Y Ae-
Tell ¢ HeBpoAorudeckoi narosorueit u PAC, y mo-
JKMABIX KAUEHTOB/ IIAI[MEHTOB. A Takke y 60ABIION
KaTerOpHU KAHEHTOB/ IAIINEHTOB OOHAPY>KEHBI I10-
AOXXMTEAbHbIE U3MEHEHUs IIOCAe 3aHSATUI B KOMMY-
HUKATUBHOM, KOTHUTUBHO, 9MOLIMOHAABHOM cepe,
B cpepe caMOOOCAY>KUBAHUS, YTO TOBOPHT O IIHPO-
KoM cdepe BAUSHMS Ha KA4eCTBO SKH3HU B 001IeM.
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THE PRODUCTIVITY OF STANDARD SEED AND
SOWING QUALITIES OF WHITE SWEET CLOVER IS
DEPENDING ON ELEMENTS OF AGROTECHNICS

Abstract. The results of experimental researches are resulted from influence of technological ele-
ments on forming of the seminal productivity of white sweet clover. A purpose was to set influence of
width of spaces between rows and doses of nitric fertilizer on the productivity of standard seed and
sowing qualities of different sorts of culture in the unirrigated terms south of Ukraine. Researches
conducted during 2016-2018 on the base of Institute of the irrigated agriculture of NAAN in obe-
dience to the confessedly methods of carrying out the field test, methodical recommendations and
manuals. Used such methods: scientific, special, comparatively analytical, regressive, informative-
logical analysis and mathematical design. Maximal exit of standard seed from unit of area — 89.0% got
at sowing of sort Pivdennyy with the width of spaces between rows 45 see and bringing of nitric fertil-
izer by the dose of N, . On this variant got the most productivity of standard seed — 413 kg/hectare.

Keywords: green crops, sort, width of spaces between rows, dose of nitric fertilizer, seminal

productivity, field germination.

1. Introduction

The solution to the problem of feed protein in
modern economic conditions, when there is a very
high cost of mineral and organic fertilizers, is pos-
sible largely by increasing the sown area, expanding
the range and increasing the yield of perennial and
annual legumes [1, P. 4].

In the zone of risky agriculture, which includes
the south of Ukraine, the choice of drought-resistant
crops capable of forming stable yields with high seed
quality in extreme conditions is of great importance.
These requirements are fully met by the white sweet
clover - a culture of universal use with high and sta-

ble yields, drought-resistant, heat-resistant, relatively
undemanding to soils and technological. In addition,
white sweet clover is an effective biological amelio-
rant [2, p. 127-132; 3, p. 122-127].

White sweet clover — a relatively new culture,
brought it by breeders in the state of Alabama. The
culture belongs to the annual family of legumes (Fa-
baceae) [4, p. 32-38].

All clover plants are good honey plants (flower-
ing of cultivated plants takes place in June and July),
but in field crop rotations two species are most often
cultivated — white clover (Melilotus albus L.) — annual
or biennial and clover (yellow) (Melilotus officinalis L.)
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— perennial plant. According to its biology, white clo-
ver has two types of development: the annual type of
plant sprouts, grows and bears fruit in the year of sow-
ing, the biennial — the plant sprouts appear in spring or
autumn, vegetate, overwinter and form seeds for the
second year [S, p. 54-56; 6, p. 91-101].

To ensure the production of seeds of new variet-
ies of white sweet clover, it is important to develop
cultivation technology, the task of which is to ob-
tain maximum seed productivity and high quality
of seed [7, p. 147-148; 8, p. 243-251]. Sowing with
high-quality conditioned seeds is one of the main
elements of agricultural technology that contrib-
utes to sustainable yields of white sweet clover. The
maximum seed productivity of the crop is formed
with the best ratio and combination of all elements
of cultivation technology, among which the most
effective are the use of zoned varieties, the optimal
width between rows and the dose of nitrogen fertil-
izer [9, p. 123-127; 10, p. 49-54].

2. Materials and methods

Experimental studies were conducted during
2016-2018 in the experimental field of the Institute
of Irrigated Agriculture of NAAS.

In a three-factor experiment studied: factor A
(variety) — varieties of white sweet clover Pivdennyy
and Donets'kyy odnorichnyy, factor B (row spac-
ing) - 15; 30; 4S and 60 cm, factor C (nitrogen fer-
30’ Néo’ N90' The
experiment was based on the method of split plots

tilizer dose) — without fertilizers, N

by randomization in four repetitions in accordance
with the methods of field research [ 11, p. 74-80; 12,
p. 49-56] by improving the elements of agronomic
techniques for growing crops. The soil of the experi-
mental site is dark chestnut medium loamy;, slightly
saline with a deep level of groundwater. According
to the agrochemical analysis, the content of the main
nutrients in the arable layer of the soil averaged: ni-
trate nitrogen — 21 mg/kg of soil, mobile phospho-
rus — 38 and exchangeable potassium — 33 mg/kg of
soil. Weather conditions during the years of research
were typical for the zone of Southern Ukraine.

Agrotechnics of growing white annual clover
seeds was generally accepted for the conditions of
the south of Ukraine, except for the factors we stud-
ied. In autumn, after harvesting the predecessor,
plowing was carried out to a depth of 25-27 cm. In
early spring, harrowing and pre-sowing cultivation
were carried out to a depth of 3-4 cm. Sowing was
carried out in the first decade of april at sowing rates
of 2.5 million units/ha.

The following methods were used in the research:
general scientific (analysis, observation, comparison,
measurement), special (field, laboratory), compara-
tive-analytical, regression, information-logical analy-
sis and mathematical modeling.

3. Results and discussion

The dependence of conditioned seed yield on va-
rietal composition, row spacing and doses of nitrogen
fertilizer is established. On average for 2016-2018,
the maximum yield of conditioned seeds of white
sweet clover — 495 kg/ha was provided by growing
the Pivdennyy variety with a row spacing of 45 cm
and nitrogen fertilization with a dose of N_ (Table 1).
Depending on the varietal composition (factor A), a
larger number of conditioned seeds, on average dur-
ing the study period — 363 kg/ha received for sowing
variety Pivdennyy, which exceeded similar values of
this indicator in the variety Donets'kyy odnorichnyy
by 34 kg, or 9,4%. On average, by factor B (row spac-
ing), using a row spacing of 45 cm, the maximum yield
of conditioned seeds was 384 kg/ha, while other vari-
ants of row spacing showed a decrease in the range of
34-81 kg/ha. At different doses of nitrogen fertilizer
(factor C) there were significant fluctuations in the
values of crop yield - from 346 to 413 kg/ha.

The minimum amount of conditioned seeds, on
average,— 259 kg/ha was formed by crops of annual
clover, where no nitrogen fertilizer was applied. The
maximum yield of conditioned seeds — 413 kg/ha
was obtained by applying nitrogen fertilizer at a dose
of N, .. The lowest number of conditioned seeds of
both studied cultivars was obtained at row spac-
ings of 15 cm on unfertilized variants — 238 and
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239 kg/ha, respectively. As the seed productivity
of white annual clover decreased, a tendency to de-
crease the yield of conditioned seeds and the seed
reproduction rate was observed.

On average, in 2016-2018, experimental tests,
the maximum yield of conditioned seeds per unit
area — 89.0% were obtained by sowing the variety
Pivdennyywith a row spacing of 45 cm and appli-
cation of nitrogen fertilizer at a dose of N . In the
variety Donets'kyy odnorichnyy the highest yield of
conditioned seeds — 88.0% was also observed for the
row spacing of 45 cm and the use of nitrogen fertil-
izer at a dose of N_. As a result, we can conclude
that the use of these parameters in the technology
of growing different varieties of crops contributes to
obtaining the largest amount of conditioned seed.

The average coefficient of phenotypic variation
(Vpf,%) of conditioned seed yield depending on the

row spacing was insignificant and ranged from 1.73-
—2.45% for the Pivdennyyvariety and 1.85-2.15%
for the Donets'kyy odnorichnyyvariety. Slightly
higher modification variability (Vm,%) was depend-
ing on the application of nitrogen fertilizer doses and
amounted to 2.65-9.26% for the cultivar Pivdennyi
and 2.71-9.38% for the cultivar Donetsk annual,
which indicates the advantages of technological regu-
lation of yield conditioned seeds with the help of this
agronomic measure. Significantly higher were the
average indices of phenotypic variation of the seed
multiplication coefhicient of varieties under the influ-
ence of row spacing (Vpf,%) - 6.42-9.38% — for the
Pivdennyy variety; 6.50-9.47% — for the Donets'kyy
odnorichnyy variety, and modification variabil-
ity under the influence of nitrogen fertilizer doses
(Vm,%) — 12.51-23.57% and 12.15-23.78% for the

above-mentioned varieties, respectively.

Table 1.-Yield of conditioned seeds of white sweet clover of different varieties depending
on the width between rows and doses of nitrogen fertilizer (average for 2016-2018)

FactorA, | Factor B, row lf"actor C, do's? of Yl'eld of condi- On average by factor
ot svacing. cm nitrogen fertilizer,| tioned seeds, A B C
S0 P 8 kg/ha kg/ha
1 2 3 4 S 6 7
No fertilizers 238 259
N 304 346
1 = 303
5 N, 385 413
N, 329 368
No fertilizers 255
N 350
0 0 347
3 N, 425
N 391
. 90
Pivdennyy No fertilizers 290 363
N 429
45 20 384
N, 495
N, 437
No fertilizers 273
60 N 369 350
N, 450
N, 392
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1 2 3 4 S 6 7
No fertilizers 239
15 N, 294
N, 351
N,, 286
No fertilizers 259
30 N, 334
N, 393
Donets'kyy Ny, 371 329
No fertilizers 273
45 N, 354
N, 421
N, 375
No fertilizers 243
60 N, 331
N, 386
N, 359
Assessment of the significance of partial differences

A=697

LSD, . kg/ha B=7.18

C=5.83

Assessment of the significance of average (main) effects

A=1.65

LSDOS. kg/ha B=2.49

C=1.98

This makes it possible to state that the coefficient
of seed propagation of different varieties can be ad-
justed by the parameters of row spacing and doses of
nitrogen fertilizer.

The leaf area of the varieties of white sweet clover
is one of the important indicators of the elements
of the yield structure of white clover, which affects
the formation of high yield of conditioned seeds.
The correlation coefficient is high and amounted to
+0.908 (Fig.).

Analyzing the obtained correlation-regression
model, it is possible to draw a conclusion about the
high positive effect of leaf surface area of white clo-

ver varieties on the yield of conditioned seeds, which
must be taken into account in breeding and seed prac-
tice. Therefore, it is necessary to develop elements of
technology that increase the leaf area of the varieties of
white clover to increase the production of conditioned
seeds of new innovative varieties (Figure).

The optimal parameters of the technology of
growing white sweet clover significantly affect the
yield of conditioned seeds and its quality. On aver-
age, during the period of 2016-2018, studies were
observed, the difference in the amount of condi-
tioned seed yield was observed depending on all the
studied factors (Table 2).
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Picture 1. Correlation-regression model of dependence of conditioned
seed yield and leaf surface area (average for 2016—-2018)

According to the experimental variants, the per-
centage of substandard seeds ranged, on average, in
the range of 85.0-89.0%. The influence of varietal
composition (factor A) on the yield of conditioned
seeds of white sweet clover was noted.

The Pivdennyy variety, on average in three years,
formed the highest yield of conditioned seeds —
86.9%, which was 0.4% higher than the similar values
of the Donets'kyy odnorichnyyannual variety.

According to the factor B (width between rows),
the maximum average yield of conditioned seeds of
the crop — 87.4% was obtained with the option of
width between rows of 45 cm. The lowest yield of
conditioned seeds of white sweet clover — 85.9%
was found for sowing with a row spacing of 15 cm.
This is due to the fact that the plant feeding area
decreased due to high sowing density per unit area,
lateral shoots did not develop, shoots.

The use of different doses of nitrogen fertilizer
contributed to the increase in the number of condi-

tioned seeds, when the values of the indicator varied
in the range of 86.7-87.2%. In general, according to
factor C (dose of nitrogen fertilizer), the maximum
average values of the indicator — 87.2% of crops were
for the use of nitrogen fertilizer ata dose of N, the
minimum - 85.9% in non-fertilized versions of the
experiment.

Thus, on average in 2016-2018, it was estab-
lished that during the sowing of the Pivdennyy
variety (factor A) the highest seed productivity
was obtained - 418.0 kg/ha and the yield of condi-
tioned seeds —363.0 kg/ha, and also the maximum
yield of conditioned seeds of white sweet clover —
86.9%.

Studies in 2016-2018 found that the germina-
tion energy of the variants, on average, was in the
range of 74.2-80.3%. Cranberry seeds of the Pivden-
nyy variety (factor A) were characterized by higher
germination energy — the average values were 77.4%,
while the Donetsk annual variety — 77.1%.
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Table 2.- Influence of varietal composition, row spacing and doses of nitrogen fertilizer on
the percentage of yield of conditioned seeds of white sweet clover (average for 2016-2018)

Factor B. row Factor C, dose of| Yield of condi- On average by factor
Factor A, sort spacin ’ om nitrogen fertil- | tioned seeds,
P 8 izer, kg/ha kg/ha A B C
1 2 3 4 S 6 7
No fertilizers 85.0 85.9
N 86.9 86.9
30
15 N, 86.9 859 87.2
N, 86.1 86.7
No fertilizers 85.9
N 87.1
30
30 N, 26.9 86.4
N 85.9
. 90
Pivdennyy No fertilizers 86.1 86.9
N 87.9
30
45 N, 29.0 87.4
N,, 87.1
No fertilizers 86.9
N 87.0
30
60 N, 381 87
N, 86.9
No fertilizers 85.1
15 N, 85.0
N, 86.0
N, 86.1
No fertilizers 86.0
N 87.2
30 .
30 N, 86.0
Donets'kyy Ny, 86.1 86.5
No fertilizers 86.9
N 87.0
30 :
s N, 88.1
N, 87.0
No fertilizers 85.0
N 87.1
30
60 Ng 86.9
N,, 88.0
Assessment of the significance of partial differences
A =697
LSD,. kg/ha B=7.18
C=5.83
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1 2 | 3 |

Assessment of the significance of average (main) effects

LSD,.. kg/ha

4 | s | 6 | 7
A=1.65
B=249
C=1.98

The use of different row spacing parameters (fac-
tor B) also affected the seed germination energy. The
highest average values of 79.1% were obtained with a
row spacing of 45 cm, the lowest — 75.6% with a row
spacing of 15 cm.

Laboratory germination was established 3—4 days
after determination of seed germination energy, the
values were slightly higher for all variants of the ex-
periment and ranged from 78.2 to 83.4%. Seed ger-
mination depended on the varietal composition (fac-
tor A), was slightly higher in the Pivdennyy variety
and amounted to 81.5%.

The highest seed germination depending on the
method of sowing (factor B) — 82.4% was set at a row
spacing of 45 cm. row spacing 15 cm and amounted
to 80.3%. The application of nitrogen fertilizer had a
positive effect on seed germination. The best values
of the indicator — 82.2% were obtained by applying

nitrogen fertilizer at a dose of N_. The maximum
values of germination energy and laboratory germi-
nation are 80.3 and 80.4%, respectively, set in the
Pivdennyy variety with a row spacing of 45 cm and
application of nitrogen fertilizer at a dose of N_.

Conclusion

Optimization of elements of cultivation tech-
nology significantly affects the seed productivity
of white sweet clover. Studies in 2016-2018 found
that the varietal composition, row spacing and nitro-
gen fertilizer application rates affect the formation
of conditioned seed yields and sowing qualities of
white sweet clover.

The best indicators of seed quality and the maxi-
mum yield of conditioned seeds of white sweet
clover — 495 kg/ha provided the cultivation of the
variety Pivdennyy with a row spacing of 45 cm and
nitrogen fertilization with a dose of N_.
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WATER CONSUMPTION OF SOYBEAN VARIETIES WITH
DRIP IRRIGATION IN THE ARID STEPPE OF UKRAINE

Abstract. The study of the influence of the cenosis density of soybean varieties of different ripe-

ness groups on the indicators of water consumption and grain yield has been carried out. The re-

lationship between the indicators of water consumption and the yield of soybean grain under drip

irrigation in the arid steppe of Ukraine has been investigated.

Keywords: soybeans, sowing density, drip irrigation, yield, total water consumption.

1. Introduction

Drip irrigation is a method of supplying water
with the simultaneous introduction of herbicides,
pesticides and growth-regulating agents into the
root system of plants, which makes it possible to re-
duce their consumption. At the same time, there is
a decrease in material costs for technical measures,
weed control. Drip irrigation involves the use of a
drip dispenser that irrigates the roots drop by drop.
Wells and open reservoirs can be used as a source
of drip irrigation.

The first drip dispenser was created in Israel in
1959 by Simcha Blass at Kibbutz Hatzerim. The
drip irrigation system became quite successful and
later appeared in Australia, North and South Amer-
ica in the late 1960s. In the early 1960, the first
drip tape appeared in the USA thanks to Richard
Chapin (the first system was applied during 1964).
Further modernization of drip systems was reduced
to reducing the financial costs of installing the sys-
tem, and to reducing the problems associated with
clogging of dispensers and supply pipes [1].

For effective crop yields, it is important to ob-
serve the correct irrigation regime. The water regime
of the soil has a great influence on the productivity
indicators of various crops. Thus, the lack or exces-
sive moisture of the soil negatively affects the state
of the water-physical properties of the soil. At the
same time, the position of irrigated lands deterio-
rates when taking into account ecological and recla-
mation factors [2; 3].

When conducting a study for the entire growing
season, it is impossible to allow a decrease in mois-
ture in the active soil layer to wilting moisture, that is,
in order to obtain high and stable plant productivity,
it is necessary to maintain a predetermined lower soil
moisture threshold before irrigation [4].

Analyzing the results of the research of various
authors, it can be noted that the experiments on the
effectiveness of the use of drip irrigation in the culti-
vation of soybeans are very limited. At the same time,
anumber of authors believe that in the production of
soybeans for seeds, it is necessary to differentiate the
soil moisture regime during the growing season of
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plants. This is due to the fact that plants, depending
on the phase of development, receive the required
different amount of moisture. As a result, water is
saved per unit of production, and the productivity
of plants increases [5-7].

At present, many scientists who have dealt with
the irrigation regime of various agricultural crops be-
lieve that the lower limit of soil moisture should not
decrease below 65-75% of the lowest moisture capac-
ity (HB). With such a decrease, capillary rupture oc-
curs. In addition, it should be taken into account that
the lower limit of soil moisture depends on external
conditions and biological characteristics of plants [8].

With drip irrigation, the peculiarity of soil moist-
ening to the optimum value also depends on the
growth, development and growing conditions of
soybeans for grain.

At different stages of development, soybean with
drip irrigation uses the greatest amount of moisture
for transpiration from the surface of plants and soil
evaporation. Thus, the total water consumption is
an indicator of the water demand of soybeans [9].

In general, in certain soil and climatic conditions,
when designing the irrigation regime for agricultural
crops, the output values are the total water consump-
tion. So, during the growing season of plants, the av-
erage daily water consumption, based on tempera-
ture indicators, can vary in different ways [ 10].

A plant, like any living organism, consists mainly
of water. This is the foundation of all physiological
and biochemical processes in plant cells. Therefore,
a decrease in water consumption determines the lack
of the presence of saline in plant tissues. As a result,
these processes can be completely suspended or
slowed down [11].

The rate of water consumption is determined by
water consumption for the full growing season — this
is a quantitative indicator of water consumption [12].

The indicator of the total water consumption of
various agricultural crops — the value is quite variable,
itis influenced by agro-ecological and soil cultivation
technology. Its main component is transpiration —

the extraction of water by plant roots from the soil
and its further evaporation [13].

It should be noted that the water consumption
of soybeans has been little studied. This is explained
by the fact that a guaranteed stable yield of soybean
grain for seeds during the entire growing season can
be obtained only if the necessary moisture supply
to the plants.

2. Materials and methods

The studies were carried out in accordance with
the thematic research plan of the Kherson State
Agrarian and Economic University on the assign-
ment “Implementation of the technology for the
cultivation of basic agricultural crops.” Field experi-
ments were carried out at the Sivashskoye agricul-
tural firm of the Novotroitsk district of the Kherson
region, located in the agroecological zone of the arid
steppe (GTKV-IX = 0.46-0.60) within the range of
the Kakhovka irrigation system. The object of the
research was the soybean varieties of the Institute of
Irrigated Agriculture of the NAAS of various ripe-
ness groups: early ripening — Monarch, Diona; mid-
early — Aratta, Sofia; mid-season — Danae, Svyatogor.
In the experiment, various seeding rates were used:
300, 500, 700, 900, 1100 thousand plants per 1 ha.

Soil moisture was determined by the thermostat-
weight method in four repetitions of the experiment.
Soil samples were taken layer by layer every 10 cm to
a depth of 0-50 cm after S days when determining
the timing of irrigation and 0-100 cm to calculate
the total water consumption of corn.

The total water consumption of soybeans for in-
dividual interphase periods and for the entire grow-
ing season was determined by the water balance
method according to the formula:

E=M+O+(Wh—Wk),

where

E - total water consumption for the billing pe-
riod, m?®/ha;

M —irrigation rate, m*/ha;

O - precipitation for the period, m*/ha;
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W, —moisture reserve in 0-100 cm soil layer dur-
ing sowing, m*/ha;

W, —moisture reserve in 0-100 cm soil layer dur-
ing harvesting, m*/ha.

The accounting of precipitation was carried out
according to the data of the agrometeorological sta-
tion “Askania Nova”, with the correction of their
amount in accordance with the indicator of the field
rain gauge, which was installed directly on the ex-
perimental sites.

The water consumption coefficient was deter-
mined by the formula:

K =£, where
B

E

Where, K__ is the coefficient of water consump-
tion during the growing season, m*/t;

E - total water consumption, m*/ha;

B - grain yield, t/ha.

The calculated value of the irrigation rate m, mm,
can be determined by the formula of A.N. Kostya-
kov [14]:

m =100 X v X h X (ﬁﬂs—ﬁgs), where:

m —irrigation rate, m*/ha;

v —is the bulk density of the soil, t/m?

h —is the depth of the moistened soil layer, m;

B,,—soil moisture, respectively HB,% of the mass
of dry soil;

B, — actual soil moisture before irrigation,% of
dry soil mass.

The results of the yield accounting were pro-
cessed by methods of variance, correlation and sta-
tistical analysis using a personal computer and the
MS Office “Excel” and “Agrostat” software and in-
formation complex [15; 16].

The goal is to scientifically substantiate the ele-
ments of soybean cultivation technology to optimize
the total water consumption and increase produc-
tivity in the Southern Steppe of Ukraine using drip
irrigation.

3. Results and discussion

Our observations during 2018-2020. showed
that the total water consumption of soybean crops
varied depending on all the factors studied in the
experiment (Table 1).

Table 1.- Total water consumption of plants of soybean varieties and
components of its balance under drip irrigation (average for 2018-2020)

Plant density, | Total water Cm'nponents of the balance of water consumption
. used moisture re- . L.
thousand consumption, ) . rains irrigation rate
serve active layer soil
plants/ha m*/ha m?/ha % m3/ha % m3/ha %
1 2 3 4 N 6 7 8
early ripening varieties
300 4977 548 11.0 1579 31.7 2850 57.3
500 4996 567 11.3 1579 31.6 2850 57.0
700 5004 575 11.5 1579 31.6 2850 57.0
900 5018 589 11.7 1579 31.5 2850 56.8
1100 5039 610 12.1 1579 31.3 2850 56.6
group average 4963 578 11.5 1879 31.5 2850 56.9
medium early varieties
300 5874 645 11.0 1579 26.9 3650 62.1
500 5884 655 11.1 1579 26.8 3650 62.0
700 5891 662 11.2 1579 26.8 3650 62.0
900 5896 667 11.3 1579 26.8 3650 61.9
1100 5899 670 11.4 1579 26.8 3650 61.9
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1 2 3 S 6 7 8
group average 5889 660 11.2 1579 26.8 3650 62.0
mid-season varieties
300 6595 680 10.3 1665 25.2 4250 64.4
500 6600 685 10.4 1665 25.2 4250 64.4
700 6610 695 10.5 1665 25.2 4250 64.3
900 6625 710 10.7 1665 25.1 4250 64.2
1100 6630 715 10.8 1665 25.1 4250 64.1
group average 6612 697 10.3 1665 25.2 4250 64.4

On average, over three years of research, it was
found that during the growing season from sowing
to full ripening of soybeans, the total water consump-
tion in the study areas with drip irrigation increases
with an increase in the growing season of varieties.

Based on the experimental options, the total water
consumption for early ripening varieties is on average
4963 m*/ha, for medium early varieties — 5889 m?/ha.
The maximum amount of moisture was consumed by
soybean plants in the options for sowing mid-season
soybean varieties on average — 6612 m*/ha.

Based on the data obtained, it can be observed
that the longer the growing season, the higher the
share of the irrigation rate in the structure of total
water consumption. So, during the growing season
of early ripening varieties, the share of the irrigation
rate in the structure of total water consumption was
56.9%, mid-early — 62.0%, mid-ripening — 64.4%. In-
creasing on average over the years of research from
2850 m?/ha to 4250 m?/ha.

The share of participation of the value of soil
moisture reserves in the structure of total water
consumption in comparison with the irrigation rate
has the opposite tendency. Consequently, the share
in providing plants with water mainly depends on
the adopted irrigation regime. Analyzing the data
obtained, it can be noted that the maximum use
of productive reserves of soil moisture, with a soil
moisture content of 80% HB, depending on the re-
search options, varies on average from 548 m’/ha
(in early ripening varieties with a sowing density of
300 thousand plants/ha) to 715 m?*/ha (for mid-sea-

son varieties with a seeding density of 1100 thousand
plants/ ha).In general, in the structure of total water
consumption, the share of soil moisture reserves, de-
pending on the year of study and on the variants of
the experiment, varies from 10.3 to 12.1%.

Under irrigation conditions, the total water con-
sumption of soybeans during the growing season is
due to vegetative irrigation, productive moisture re-
serves in the soil, and effective precipitation.

The effectiveness of the irrigation regime of any
crop is established by such indicators as the coefh-
cient of water consumption, as well as the size and
quality of the crop.

According to the ratio of indicators of total wa-
ter consumption and yield of soybean varieties, the
coeflicients of water consumption of crops of soy-
bean varieties of different ripeness groups at different
cenosis density were calculated (table 2).

According to factor A (variety), the highest water
consumption coefficient, on average over the years of
research, was observed in the early ripening variety
Diona —2039.8 m?/t with sparse sowing. The mini-
mum value of the water consumption coefficient was
shown by the mid-early variety Aratta, which used ir-
rigation, soil and rain water most efficiently - 1197.4
m® of water per one ton of grain with a plant density
of 700 thousand plants ha.

The coefficient of water consumption of early
maturing soybean varieties is significantly higher
than for medium early varieties — 1638.2 m*/t, which
is 373.8 m?/t or 29.5% more than the coefficient of
water consumption of medium early varieties.
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Table 2.— Water consumption coefficient and average evapotranspiration
of soybeans under drip irrigation (average for 2018-2020)

) Plant density, thousand | Grain yield, Water cons‘ump tion Averag-e .
Variety plants/ha t/ha coeflicient, evapotranspiration,
m?/t of grain m?/day
300 2.44 2039.8 46.1
500 2.60 1921.5 46.3
Dione 700 2.82 1774.5 46.3
900 2.94 1706.8 46.5
1100 2.56 1968.4 46.7
300 3.47 1434.3 45.2
500 3.53 1415.3 45.4
Monarch 700 3.62 1382.3 4S8.5
900 3.85 1303.4 45.6
1100 3.51 1435.6 45.8
average for the g-roup of early 3.13 1638.2 45.9
maturing
300 4.49 1308.2 494
500 4.76 1236.1 49.4
Aratta 700 4.92 1197.4 49.5
900 4.85 1215.7 49.5
1100 4.51 1308.0 49.6
300 4.37 1344.2 48.5
500 4.69 1254.6 48.6
Sofia 700 4.85 1214.6 48.7
2 3 4 S
900 4.78 1233.5 48.7
1100 4.43 1331.6 48.8
average for the group of mid-early 4.66 1264.4 49.1
300 5.39 1223.6 SI1.1
500 542 1217.7 S1.2
Danae 700 5.31 1244.8 51.2
900 5.25 1261.9 514
1100 4.75 1395.8 51.4
300 5.38 1225.8 50.3
500 5.49 1202.2 50.4
Svyatogor 700 5.35 1235.5 50.5
900 5.27 1257.1 50.6
1100 4.77 1389.9 50.6
average for the group of mid-season 5.24 1265.4 50.9

LSD  t/ha

08’

A-0.12-0.15; B-0.14-0.16; C - 0.11-0.15
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The indicators of the coeflicient of water con-
sumption of soybean varieties indicate an increase
in the amount of moisture used for the formation of
1 ton of grain on drip irrigation in case of violation of
the optimal density of plant cenosis, which depends
on varietal characteristics and ripeness group. Plants
of the middle early group of varieties use moisture
most efficiently.

In order to effectively plan irrigation with the
necessary hydronic module of the irrigation sys-
tem, it is necessary to take into account the average
daily evapotranspiration. Evatranspiration is the to-
tal amount of water consumed by a plant, including
evaporation from the soil surface and transpiration
of water by plants under the influence of air and soil
temperature, air humidity, solar radiation, wind, and
the phase of plant development.

The maximum average value of the average evapo-
transpiration, according to factor A — 51.4 m*/day
was determined for the Danae variety, the minimum
value for the Monarch variety - 45.2 m*/day. For fac-
tor B (plant density), the maximum value of the aver-
age evapotranspiration was observed at a density of
1100 thousand plants/ha, the minimum at a density
of 300 thousand plants/ha. On average for ripeness
groups, the minimum average evapotranspiration
was observed in medium early varieties on average
over three years — 45.9 m*/day.

In the conditions of the arid steppe of Ukraine,
for the rational use of natural resources and the
production of high-quality soybean grain on ir-
rigated lands within 3-5.5 t/ha, it is important to
adjust the elements of the cultivation technology
for each variety, taking into account the response
to artificial moisture, plant density. To obtain the
maximum yield when growing early ripening va-
rieties of Dion, Monarch, it is necessary to form a
plant density at the level of 900 thousand plants/
ha; mid-early Aratta, Sofia -700 thousand plants/
ha; mid-season Danae, Svyatogor — 500 thousand
plants/ha. This plant density allows the most eco-
nomical use of irrigation water for the formation

of the maximum grain yield of soybean varieties of
different ripeness groups.

Conclusions. It was found that during the grow-
ing season from sowing to full ripening of soybeans,
the total water consumption in the study areas with
drip irrigation increases with an increase in the dura-
tion of the growing season of soybean varieties.

The total water consumption for early ripen-
ing varieties is on average 4963 m?/ha, for medium
early varieties — 5889 m®/ha. The maximum amount
of moisture was consumed by soybean plants in the
options for sowing mid-season soybean varieties on
average — 6612 m*/ha.

Based on the data obtained, it was found that
the longer the growing season, the higher the share
of the irrigation rate in the structure of total water
consumption. So, during the growing season of early
ripening varieties, the share of irrigation norms in
the structure of total water consumption was 56.9%,
medium early — 62.0%, mid-ripening — 64.4%, having
increased on average over the years of research from
2850 m*/ha to 4250 m*/ha.

The highest water consumption coeflicient, on
average over the years of research, was observed in
the early ripening variety Diona — 2039.8 m*/t. The
minimum value of the water consumption coeffi-
cient was shown by the Aratta variety — 1130.7 m?/t.
The minimum values of this indicator for factor B
(density) — 1197.4 m?/t at a seeding density of
700 thousand plants/ha.

The minimum value of the average evapotrans-
piration for the Monarch variety is 45.2 m?*/day.
According to factor B (plant density), the mini-
mum at a density of 300 thousand plants/ha. On
average for ripeness groups, the minimum average
evapotranspiration was observed in medium early
varieties — 45.9 m*/day. The most eflicient use of
moisture is the plants of the varieties of the middle
early group.

In the conditions of the arid steppe of Ukraine,
for the rational use of natural resources and obtain-
ing high yields of soybeans on irrigated lands within
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3-5.5 t/ha, it is important to adjust the elements of  yield when growing early ripening varieties of Dion,

the cultivation technology for each variety, taking ~ Monarch, it is necessary to form a plant density at the

into account the response to artificial moisture and  level of 900 thousand plants/ha; mid-early Aratta,

the density of plant cenosis. For the effective use of ~ Sofia — 700 thousand plants/ha; mid-season Danae,

irrigation water and obtaining the maximum grain  Svyatogor — 500 thousand plants/ha.
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Abstract. Modern methods of irrigation are considered as a key factor in the intensification of

technologies for growing grain corn. The productivity of the crop as a result of the optimization of

the water regime increases from 100 to 300% in comparison with non-irrigated conditions. The aim

of the research was to study the effect of sprinkler irrigation, drip irrigation and subsurface irrigation

on the yield of grain corn.

Keywords: hybrid, maize, FAO group, water consumption, sprinkling, drip irrigation, ground

irrigation.

1. Introduction

Many years of scientific research and produc-
tion experience show that with the optimization of
all components of the irrigated agriculture system, it
is possible to obtain consistently high yields of crops
annually. Thus, due to the improvement of water and
nutrient regimes of the soil at a high technological
level of agriculture, it is possible to increase the yield
by 2-3 times, and in dry years — by 4-5 times [1-3].

A significant component of the agricultural sys-
tem is the method of watering, which, along with
improving the moisture content of plants, enhances
the action of other factors in the direction of in-
creasing yields and increasing profits. In addition,
it is important to study the characteristics of water
consumption of plants, because these experimental
data can be used to optimize artificial moisture by
supplying the required amount of water during pe-

riods of maximum demand (in the so-called “critical
periods” of plant growth and development) [4-6].

In modern practice of irrigated agriculture there
are three main methods of irrigation:

Sprinkling — watering by sprinkling is that water is
sprayed over the surface of plants in the form of fine
droplets, thus creating a complete imitation of rain.
Irrigation by sprinkling allows to keep soil structure.

Drip — the essence is to use pipes that run un-
derground or above it and supply water in metered
portions directly to the root zone of plants using spe-
cial drips. Drip irrigation causes minimal water con-
sumption, as it allows plants to consume the received
moisture completely, it allows to save essentially not
only on water resources, but also on fertilizers and
the electric power. This method maintains optimal
soil moisture, promotes active plant growth and
helps accelerate crop ripening.
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Underground - is realized by direct supply of
water to the root system of plants with the help of
special humidifiers. Pipes with irrigation devices are
installed at a small depth under the soil layer, which
determines the name of this type of irrigation. Such
a system is very convenient, as it does not interfere
with various works on the site with vegetation and
does not change the structure of the earth’s surface,
but it is not very popular due to the high cost and
complexity of installation [7; 8].

2. Materials and methods

The experiments were carried out according to the
thematic research plan of the Kherson State Agrarian
and Economic University on the assignment “Imple-
mentation of the technology of growing major agri-
cultural crops”. Field experiments were carried out in
the Agrobusiness agrofirm of the Kakhovsky district
of the Kherson region, located in the South Steppe
agroecological zone and within the range of the Kak-
hovka irrigation system. The soil of the experimental
site is southern middle loamy chernozem.

The moisture content of the soil was determined
by the thermostat-weight method on two repetitions
of the experiment. Soil samples were taken layer by
layer every 10 cm to a depth of 0-50 cm in the inter-
phase periods of corn plants when determining the
timing of irrigation and 0—100 cm for calculating the
total water consumption of corn. The determination
was repeated four times.

The total water consumption of corn for indi-
vidual interphase periods and for the entire growing
season was determined by the water balance method
according to the formula:

E:M+O+(Wh—Wk),

where

E — total water consumption for the calculation
period, m*/ha;

M —irrigation rate, m*/ha;

O - precipitation for the growing season, m*/ha;

W, — moisture reserve in 0—100 cm layer of soil
on the stairs, m3/ha;

W, — moisture reserve in 0~100 cm layer of soil
during harvesting, m*/ha.

Precipitation was recorded according to the data
of the agrometeorological station “Askania Nova’,
with the adjustment of their amount in accordance
with the indicators of the soil rain gauge, which was
installed directly on the experimental sites.

The coeflicient of water consumption was deter-
mined by the formula:

K, —water consumption coeflicient for the grow-
ing season, m’/t;

E - total water consumption, m?/ha;

B — grain yield, t/ha.

The irrigation rate was calculated from the mois-
ture deficit of the calculation layer according to the
formula of A.N. Kostyakova:

m=100x vx h x (bm—bf),
where,

m —irrigation rate, m*/ha;

v —volume mass of soil, t/m?;

h is the depth of the moistened soil layer, m;

b - soil moisture, respectively HB,% by weight
of dry soil;

b_— actual soil moisture before watering,% by
weight of dry soil.

To establish the rate of response of maize hybrids
to technological conditions, the effect of different ir-
rigation methods on grain yield was studied: irriga-
tion by sprinkling with the Zimmatic unit; drip irri-
gation; subsoil irrigation with a level of pre-irrigation
soil moisture of 80% HB in the soil layer 0-50 cm
Control — natural moisture. Repeat four times, the
sown area of the plot of the second order - 75 m?,
accounting — 50 m*.

Agricultural techniques for growing maize hy-
brids in the experiments were generally accepted for
the southern region of Ukraine. Predecessor — Soya.
The experiments were conducted in accordance with
generally accepted methods in 2018-2020. Math-
ematical processing of research results was carried
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out by the method of analysis of variance using the
Agrostat computer software package [9; 10].

The aim of our research is to determine the re-
sponse of maize hybrids of different FAO groups to
different irrigation methods.

3. Results and discussion

Total water consumption is a complex indicator
that reflects the amount of water used by the crop
for transpiration and formation of biological mass of
plants, as well as for physical evaporation from the
soil. Total water consumption is not a constant indi-
cator, it varies considerably depending on the weath-

er conditions of the growing season, the moisture
content of plants, the level of agricultural technology,
etc. [11-13].

Our observations in 2018-2020. It was shown
that the total water consumption of crops varies de-
pending on the hybrid composition.

On average, for FAO hybrid groups, the maxi-
mum total water consumption of maize plants —
6024 m*/ha was set for hybrids of the middle-late
group. According to factor B (irrigation method),
the highest indicator is set for the subsoil irrigation
method — 7198 m®/ha (Table 1).

Table 1.- Total water consumption of maize hybrids of different FAO
groups and components of its balance (average for 2018-2020)

components of water consumption balance
total water - -
. ) moisture is used . e e .
Watering method consumption, . rain irrigation rate
m®/ha from soil reserves
m?/ha | % m3/ha | % m?/ha | %
hybrids FAO 180-190
Without watering, control 2829 1250 44.2 1579 | S§5.8 0 0.0
drip irrigation 4169 840 20.1 1579 | 379 | 1750 42.0
sprinkling 4307 898 20.8 1579 | 36.7 | 1830 42.5
underground irrigation 4594 89S 19.5 1579 | 344 | 2120 46.1
group average 39758 971 26.0 15879 | 41.0 | 1900 | 43.5
hybrids FAO 250-290
Without watering, control 2899 1320 45.5 1579 | §4.5 0 0.0
drip irrigation 4554 855 18.8 1579 | 34.7 | 2120 46.6
sprinkling 4812 883 18.3 1579 | 32.8 | 2350 48.8
underground irrigation 5011 872 17.4 1579 | 31.5 | 2560 51.1
group average 4319 983 25 1879 | 38.0 | 2343 48.8
hybrids FAO 320-350
Without watering, control 2929 1350 46.1 1579 | §3.9 0 0.0
drip irrigation 5748 909 15.8 1579 | 27.5 | 3260 56.7
sprinkling 5942 993 16.7 1579 | 26.6 | 3370 56.7
underground irrigation 6114 955 15.6 1579 | 25.8 | 3580 58.6
group average 5183 1052 24.0 15879 | 33.0 | 3403 57.3
hybrids FAO 420-430
Without watering, control 3045 1380 45.3 1665 | 54.7 0 0.0
drip irrigation 6827 912 13.4 1665 | 244 | 4250 62.3
sprinkling 7029 984 14.0 1665 | 23.7 | 4380 62.3
underground irrigation 7198 963 13.4 1665 | 23.1 | 4570 63.5
group average 6025 1060 22.0 1665 | 31.0 | 4400 | 62.7
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The maximum indicator of total water consump-
tion in alayer of 0—100 cm, on the average for 2018-
2020 years — 7198 m*/ha is established in the mid-
dle-late group of hybrids for underground irrigation.

Itis also noted that the maximum amount of wa-
ter used to form a unit of yield from soil reserves is
observed in the control version without irrigation.

We have determined that for the cultivation of
maize hybrids without irrigation, water consumption
ofhybrids occurs due to precipitation and soil mois-
ture reserves in different ways depending on the FAO
group. Thus, on average over the years of research, on
crops of hybrids of medium-ripe and mid-late ma-
turity groups, the total water consumption of corn
from the soil layer 0-100 cm was 51836024 m?/ha,
and early-ripe and middle-early groups — 3974, 4319
m?/ha and significantly depended on precipitation
fell during the growing season.

The share of precipitation in hybrids of early-rip-
ening and middle-early groups in the balance of total
water consumption was 41.9 and 38.6%, in middle-
ripening and middle-late hybrids of corn — 32.4 and
28.0%, respectively.

During the cultivation of maize on irrigation, the
total water consumption of medium-ripe (FAO 320-
350) and medium-late (FAO 420-430) hybrids over
the years of research has doubled compared to con-
trol plots and amounted to 5935 and 7018 m?/ha,
respectively.

At the same time, the irrigation rate in the total
water consumption of medium-ripe and medium-
late hybrids accounted for an average of 57.3 and
62.7%. The use of soil moisture reserves decreased
by 30.5 and 31.9% compared to crops of hybrids of
the same maturity groups without irrigation.

Analysis of the structure of the total water con-
sumption of maize hybrids for the study period
2018-2020 years. Shows that the specific weight
of soil moisture from the soil layer 0-100 cm was
44.2-46.1% in areas without irrigation, 13.4-20.8%
in irrigation; the share of precipitation without ir-
rigation — 53.9-55.8%, on irrigation - 23.1-37.9%,
the share of irrigation — 42.0-63.5%. That is, the
main part of the total water consumption is irriga-
tion water.

It should be noted that even after irrigation, the
amount of precipitation during the growing season
is significant —23.1-24.4% of the balance of the total
water consumption of medium-ripe and medium-
late hybrids of corn. Thus, with a high level of natu-
ral moisture supply, the need for irrigation of corn
decreases.

Irrigation efficiency is determined and evalu-
ated through a water consumption ratio that shows
how much moisture is used to produce 1 ton of corn
grain. Improving the conditions of moisture supply
leads to a decrease in the coeflicient of water con-
sumption of maize hybrids (table 2).

Table 2.—Water consumption rate, drought tolerance rate and
payback of irrigation water for maize hybrids of different FAO groups
depending on irrigation methods (average for 2018-2020)

coefficient . payback ir-
. . . coeflicient o
Hybrids The method of watering | yield, | water con- rigation water
J drought .
(factor A) (factor B) t/ha sumption, ) growth yields
resistance .
m3/t grain, kg/m?
1 2 3 4 S 6
Without watering. control 5.06 571.5 - -
drip irrigation 10.24 393.5 0.490 2.96
DN Palanok
(FA O"‘ 138‘2)0) sprinkling 9.64 446.4 0.529 2.50
underground irrigation 10.11 440.1 0.497 2.38
group average 8.76 470.5 0.509 2.61
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1 2 3 4 N 6
Without watering. control | 5.43 609.7 - -
drip irrigation 10.09 399.9 0.466 2.66
]é:iéaf; 0) sprinkling 9.48 446.9 0.496 2.21
underground irrigation 9.88 454.2 0.481 2.09
group average 8.72 485.5 0.481 2.32
group average FAO 180-190 8.74 478.0 0.495 2.47
Without watering. control 2.96 1017.2 - -
drip irrigation 11.36 400.2 0.255 3.96
l(jFi OGazlgg’)a sprinkling 9.98 474.0 0.289 2.97
underground irrigation 10.67 476.9 0.279 3.01
group average 8.74 630.5 0.272 3.32
Without watering. control | 2.99 1010.1 - —
. drip irrigation 11.58 397.7 0.255 4.05
](ﬁg";tgg)z sprinkling 10.39 460.1 0.282 3.15
underground irrigation 11.23 439.1 0.258 3.22
group average 8.88 622.6 0.269 3.47
group average FAO 250-290 8.81 626.6 0.270 3.40
Without watering. control 2.65 1113.7 - -
. drip irrigation 15.46 372.4 0.172 3.93
‘;\fgima (FAO sprinkling 13.91 429.6 0.196 3.34
underground irrigation 14.23 425.8 0.187 3.23
group average 11.56 585.4 0.185 3.50
Without watering. control | 2.73 1080.8 - -
drip irrigation 15.27 382.4 0.182 3.85
l()Fi 3“31‘;)) sprinkling 13.55 440.8 0.207 321
underground irrigation 14.11 434.8 0.197 3.18
group average 11.42 634.6 0.195 3.53
group average FAO 320-350 11.49 610.0 0.190 3.52
Without watering. control 2.01 1561.5 - -
Primorski drip irrigation 17.14 395.8 0.114 3.56
(FAO 420) sprinkling 16.08 427.7 0.121 3.21
underground irrigation 16.62 427.1 0.118 3.20
group average 12.96 703.1 0.118 3.32
Without watering. control | 2.00 1594.2 — —
drip irrigation 17.27 393.0 0.111 3.59
]()151152’;0) sprinkling 16.33 4209 0.117 3.27
underground irrigation 16.73 422.8 0.114 3.22
group average 13.08 707.7 0.114 3.36
group average FAO 420-430 13.02 705.4 0.116 3.34
LSDOS. t/ha factor A 0.14
factorB | 0.16
AB interaction | 0.18
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According to the indicators of total water con-
sumption and yield of maize hybrids, the coeflicient
of water consumption of crops per unit of yield was
established. According to factor A (hybrid), the low-
est water consumption ratio, on average over the
years of research, was observed in the hybrid Askania
(FAO 350) - 372.4 m?*/t, hybrids DN Palanok (FAO
180) — 393.5 m?/t, hybrid DN Rava (FAO 430) -
-393.0 m*/t. The maturity group of the hybrid had
almost no effect on the water consumption ratio. The
minimum values of this indicator for factor B (irriga-
tion method) —391.9 m*/t were recorded on drip ir-
rigation, which is 677.9 m?/tless than in the control
version without irrigation.

The water consumption rate of maize hybrids in
the control variant is much higher than for irriga-
tion. This difference is especially noticeable when
growing mid-late hybrids. On average, for all irriga-
tion methods, the water consumption coefficient
in all studied hybrids decreased moderately with
the growth of the FAO group and was the lowest
in FAO hybrids 320-430 Askania, DN Bulat, Pri-
morsky, DN Rava (409.3-419.3). The lowest indi-
cators of the water consumption coefficient were
observed in drip irrigation, especially in hybrids
with a longer growing season, which is primarily
due to the level of their yield.

Indicators of the coeflicient of water consump-
tion of maize hybrids indicate an increased level of
efficiency in the use of moisture for the formation
of 1 ton of grain under drip irrigation using maize
hybrids of intensive type on underground irrigation.
With natural moisture supply, early-maturing maize
plants (FAO 180-190) are most efficiently used.

Anindicator such as the payback of irrigation wa-
ter by the additional grain harvest due to irrigation is
also quite important (see table 2).

On the average for three years of researches on all
hybrids with carrying out vegetative waterings this
indicator made from 3.026 kg/m?® in underground ir-
rigation to 3.675 kg/m? on drop irrigation that testi-
fies to prospects of use of a drop method of watering.

To establish the relationship between the pay-
back of irrigation water by the increase in grain
yield, kg/m? and the grain yield of maize hybrids of
different maturity groups, a correlation calculation
was performed. By processing the obtained data,
it was established that there is a close interaction
between the indicator “irrigation water payback”
and “hybrid yield”. The correlation coefficient was
r = 0.571. This indicates that the technology of
growing corn under irrigation should take into ac-
count the genotype of the hybrid and the corre-
sponding methods of watering.

This indicates the need to grow maize hybrids
on irrigated lands of the relevant FAO groups. For
natural moisture, it is necessary to use hybrids with
high drought resistance. The drought resistance co-
efficient of such hybrids should be in the range of
0.4-0.5 (see table 2). Such hybrids can provide grain
yield without watering in the range of 3-5 t/ha and
have a maturity group for FAO 180-250.

It should also be noted that the payback of irri-
gation water by an additional increase in grain yield
increased in hybrids with a longer growing season.

Conclusion

On the basis of the conducted researches it is
confirmed that irrigation, in a complex with other
agricultural receptions, is the key factor of intensifi-
cation of growth processes and formation of produc-
tivity of crops of grain corn.

Studies have shown that the maximum total wa-
ter consumption in the layer is 0-100 cm, on aver-
age for 2018-2020-7198 m*/ha in the middle-late
group of hybrids for groundwater irrigation.

The lowest average water consumption rate over
the years of research — 391.9 m*/t was on drip irri-
gation, which is 677.9 m?/t less than in the control
version without irrigation.

It was found that on average over three years
of research on all hybrids with vegetative irriga-
tion, the payback rate of irrigation water ranged
from 3.0263 kg/m’ in groundwater irrigation to
3.675 kg/m?® on drip irrigation.
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When growing maize hybrids with alonger grow-  in comparison with early-maturing and middle-early

ing season, the payback of irrigation water increased ~ groups.
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Abstract. The rapid growth of information technology can bring modern medicine to a new
level of development. Computerized decision support systems (DSS) represent a paradigm shift in
modern healthcare. They can be used to empower physicians in complex decision-making processes.
The developed decision support system, based on fuzzy logic, is designed to assist medical workers
by combining the doctor’s experience with information and suggestions provided in the DSS. The
system consists of software designed to directly aid medical decision making, in which patient data
is matched against a computerized knowledge base and then the results and recommendations are
presented to the physician. The system is not a substitute for a doctor, but acts as an expert, reference
material and competent consultant in the field of oncology.
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NOAOAEPXKA NMPUHATUSA BPAYEBHbIX PELLUEHUA B OHKOJIOTMU

AnnoTanus. CTpeMHUTEABHBIN POCT HHGOPMALMOHHBIX TEXHOAOTHIL CIIOCOOHBI BBIBECTH COBpe-
MEHHYIO MEAUIIVHY Ha HOBBIN YPOBeHb pa3BUTHA. KoMIbIOTepU3NpOBAHHbBIE CHCTEMBI IIOAACPIKKHI
npunsrus pemenuit (CIIIIP), mpeacTaBAsIOT co60ii CMEHY MapaAUTMbl B COBPEMEHHOM 3APABO-
oxpaHeHnu. OHU MOTYT OBITH UCIIOAB30BAHBI AASI PACLIMPEHUST BO3MOXKHOCTE! Bpadeil B CAOXKHBIX
Hpolieccax IpUHITHA pelteHuil. PadpaboTaHHasI cHCTeMa IIOAAEP)KKHU IPUHATHS PeIleHNn , Ha OCHOBe
HEYETKOMN AOT'MKH, IIPEAHA3ZHAYEHA AASL OKA3aHMS IIOMOIY MEANIIMHCKAM pa60THHKaM, Iy TEM 065-
eAMHEeHH OTIbITa Bpaya ¢ MHPOpMaIiiei U npepsoskeHnaMy, mpeaoctaBaeHHbIMU B CIIIIP. Cucrema
COCTOMT U3 IPOrPAMMHOrO ObecIedyeHs, IPeAHA3HAYEHHOTO AASI HEITIOCPEACTBEHHOIO OKA3aHMUs
IIOMOIIY B IPUHATHH MEAULIMHCKUX pellleHUH, B KOTOPOM AQHHBbIE ITAIJUeHTa COMOCTaBASIIOTCS C KOM-
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IIbIOTEPU3UPOBAHHOM 63071 3HAHUI, A 3aTeM BPady IPEACTABASIIOTCS Pe3yABTATHL U PEKOMEHAALIHHL.

CucreMa He SIBASIETCS 3aMEHHUTEAEM Bpa4a, a BPICTYIIA€T B POAH SKCIIEPTA, CIIPABOYHOI'O MaTE€pHaAa,

KOMIIETEHTHOI'O KOHCYAbPTAHTA B O6AaCTI/I OHKOAOTHH.

KaroueBble CAOBa: OHKOAOTMYECKHE 3a00AEBaHM S, HEYETKAS AOTHUKA, 0a3bl 3HAHHUI.

BBepenne. Paspaborka «opysxus» AAsl 60pbObL
C PaKOM SIBASIETCS] OAHOM U3 PYHAAMEHTAAbHBIX 3aA2Y,
KOTOpbIe CTABUT Ilepep coboit Mepununa. Hanboaee
HAyKOEMKasl MEeAUIIMHCKASI AUCIIUIIAMHA, OHKOAOTHS,
HAXOAMTCS B aBAaHTApAE MTPEACTOSIUX H3MEHEeHHUH.
IIpu noMoImu HHHOBALMOHHbIX TEXHOAOTHH, CTAaHO-
BHUTCSI BBIITIOAHUMO pellleHre IIPo0AeM, peaAn3anus
KOTOPBIX, yYUTBIBasl yPOBEHb CAOXKHOCTH U OTPAHU-
YEeHHOCTb YEAOBEUECKUX BO3MOXKHOCTEMH, ObIAa MAAO-
apPexruBHA. «OMBIT Bpauya>» — 9TO eAUHCTBEHHOE,
Ha YTO OCHOBBIBAETCS, U3-3a OTCYTCTBUS BpeMeHH
Ha KOHCYABTAIIUU U PacIIMpPeHHbIe HCCAEAOBAHUS,
IIPUHATHE SKCTPEHHbIX PeIleHuI [1]. B takux CAy-
YasIX IIOMOIIIb CAMOOOYYAIOLUXCSI MHOTOAKTOPHbIX
CHCTEeM MOAAEPIKKH IIPUHATHS PelleH i, HA OCHOBe
HEYETKON AOTUKH, FapaHTHPYIOT OITHMAABHOCTH
u adpexrusHocTd Boi6opa. CIIIIP moryT 6bITD HH-
TerpUpOBaHbI B pabourie MpOIecchl KaK CTPaTert-
YeCKH (HanpnMep, XUPYPTru4ecKoe BMENIaTeAbCTBO
HAY Ay4YeBast Tepam/m), TaK ¥ TakTHYecky (Ha ypoBHe
CIIEITHAANCTA AASI TOAACPIKKH TeXHUKH ACUeHUISA).

KommbroTepHble CHCTEMBI MOAACPSKKH TIPUHS-
THUS pellleHn , MO>KHO ITPOCAeAUTSD emeé ¢ 70-Xx ropoB
nporaoro Beka. Caaboe MaTeMarnaeckoe U HHPOP-
MaIMOHHOe obecIieueHne, CUCTEMHAsI HHTETPaLius,
OrpaHHYeHHbIe BO3MOXXHOCTU U TpebOBaHMe 3HAYH-
TEABHOTO BpeMeHU Ha 00pabOTKy AAHHBIX IIPersiT-
CTBOBAAO IPAaKTHYECKOMY HCIIOAb30BAaHMIO CHCTEM
TOTO BpeMeHHU. BHeApeHue ske COBpeMeHHBIX CHCTeM
MIOAAEP>KKY IIPUHSATHS peleHUEt CIOCOOHO MOBBICUTB
OIIePaTUBHOCTb M TOYHOCTD IIOCTAHOBKH AUATHO30B,
a TaroKe 9P PEeKTUBHOCTD A€UEHHS U PeabHAUTALIHIO.
BpauebHble OMIHOKH — 9TO Pe3yAbTAT HEBEPHOI Ae-
4eOHOI pabOTBI, IPUBOASIIIHE TPATHIECKUM IIOCAEA-
crBusaM. CIITIP co3paroTcst AASL TOTO, YTOOBI AQTDH
MeAMKaM COBpeMeHHbIe, 3pPeKTHBHbIE, MHOTOQYHK-
IIMOHAABHbIE HHCTPYMEHTBI, CIOCOOHBIE 3HAYUTEABHO

YAYYIIUTD Ka9eCTBO AMAaTHOCTHKU H ACUEHH S, @ TAKKe
YMEHBIIUTb KOANMECTBO HETaTHBHBIX CAy4aesB |2 ].

BrLaBAeHME OHKOAOTMYECKUX 3a00A€BaHUM, OCO-
OeHHO Ba)KHO Ha paHHE! CTaAUH, KOTAQ BO3MOXKHO
IIOAHOE HCIleAeHHe OOABHOTO, HO He BCETAQ YAAETCS
IPeAYIIPEAUTh PUCK UX Pa3BUTHS, TaK Kak 60Ae3Hb
B 9TOT IIEPHOA, KaK IIPABHAO, He IMeeT SPKO BBIPKeH-
HBIX KAMHUYECKUX ITPOSBACHUI U BEAET cebs1 CrIoKOoM-
HO. Pa3BuTHe TEXHOAOTHIT KAPAUHAABHBIM 00pa3oM
MEHSIeT CHTYALUIO, TI03BOASISL OpaTh I10A KOHTPOAB
MeXaHU3MbI IIPOSIBACHHUS paka M IIPEAOCTABASITD Bpa-
YaM BO3MOXXHOCTb CBOE€BPEMEHHOTO OOHApy KeHMs
6o0ae3uu. CITIIP 3HauMTEABHO COKpAILaeT BpeMs He-
00XOAMMOE AAS TIOCTAHOBKU AUArHO33, IIOBBIIIAET Ka-
4eCTBO 00PabOTKU HCCAEAOBAHUIL U YPOBEHb A€UEHHSL.
HemnocpeAcTBeHHO B MOMEHT IIPOBEACHUS aHAAM3A
AAQHHBIX I ALATHOCTHKHU, CHCTEMA AQET KaUeCTBEHHbIE
BBIYHCAUTEABHbIE HHCTPYMEHTHI AAsL 00paboTKH pe-
3YABTaTOB 0OCAEAOBAHNS, TIPH 9TOM H30aBAsIET Bpaya
OT OOABIIOTO KOAMYECTBA PYTHHHBIX A€A, TAK KaK I10-
MOTaeT Ha Pa3AMYHbIX 9TaNax paboT ¢ maruentoM [ 3 ].

AaHHast paboTa, HampaBAeHa Ha OKa3aHHeE ITO-
MOIIM BpayaM-OHKOAOTaM B IIOCTAHOBKE TOYHOTO
AVarHO3a Ha paHHe! CTAAMH U BO3MOXKHO CIIaCeHHe
Yben-TO KU3HHU.

HccaepoBateapckue paborst. Ha ceropmsimmmmit
A€Hb pakK SIBASIETCSI BTOPOM M3 OCHOBHBIX IIPHYHMH
CMEepPTHOCTH B MHP€, TOCAE CEPACYHO-COCYAUCTBIX 3a-
60aeBanmit. He TOAbKO OHKOAOTH, HO U y4€HHbIE BCEX
OTpacAeil HayK, IT0 BCEMY MUPY, 00 bEAUHSIOT YCHANS
AASL pellleHUs 9TOH IPpOoOAeMBI, TaK Kak 3aboAaeBae-
MOCTb PacT€T, a BbDKMBAeMOCTb He YBeAHMYHBaeTCs,
4TO A€AAeT 3Ty IpobAaeMy OCOOEHHO aKTyaABHOIL
K mpumepy, ¢ Bo3pacToM pHCK pasBUTHA paKa MOA-
XKEAYAOYHOI >KeAe3bl IOBbImaeTcs. boAbmuHCcTBO
OOABHBIX C TAKUM AUArHO30M cTapiue 40 AeT, HO 3TO
BOBCE He O3HAYaeT, YTO INAHChI BHIIBACHUS OOAE3HI
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B 60Aee paHHeM BO3pacTe CBeAeHbI K MUHUMyMy. Ha
CETOAHSIIHUN A€Hb OTMEYAETCS «<OMOAOXKEHHE>
OHKOAOTMYECKUX 3a00AeBaHUIL. 3arps3HEHHOCTD
OKPY>KaloIllel CpeAbl, HeIIPAaBUAbHBIN PALMOH U YIIO-
TpebAeHIe KaHI|epOTeHHBIX IPOAYKTOB IUTAHIS,
6€CKOHTPOABHBIN IPUEM AEKAPCTBEHHBIX CPEACTB,
BO3AEMCTBHE PAAHAIIMOHHbIX U TOKCUYHBIX BEellleCTB,
CAa0BIIl IMMYHUTET, BHyTPHYTPOOHBIE IIATOAOTHH,
reHeTH4YeCcKue MyTalluH, HaCAEACTBEHHbBIN (aKTop,
AETCKUI AMabeT, HaAnYKre BOCIIAAUTEABHBIX 3a00A€-
BaHMM MOYEBHIACAUTEABHOHN U NUILEBAPUTEABHOMN
CHCTEMBI, 3A0YIIOTpebACHIE POAUTEASIMU HAPKOTHU-
9YeCKHX BeIeCTB MOI'YyT CIIPOBOLIMPOBATh pa3BUTHE
paka B IOAXKEAYAOUYHOI JKeAe3e U Y pebéHKa [4].3a
IIOCAEAHIE TOABI B UeThIpe pa3a IOBbICHAOCH 3260-
A€BAeMOCTb, B CBA3H C OXXMPEHHEM B IOAPOCTKOBOM
Bo3pacTe. Pak IOAXKEAYAOUHOI JKeAe3bl OOHAPYKH-
BaeTCs TPYAHEE, 4eM APYTHe OHKOAOTHYECKIe H0Ae3-
HH, M3-3a CBOET'0 MECTOITOAOXKEHHU. O TAMUNTEABHOM
4epTON 3a00A€BaHIIS SIBASIETCSI €€ OOABIIIAS arpecCB-
HOCTb U OBICTPOE PacIpOCTpaHeH e B APyTHe Opra-
HBL AASL A€TCKOTO OpraHU3Ma TaKoe SIBA€HHe OYeHb
omacHo. [IporHos aToro 3a60AeBaHs He CaMblil pa-
AY>KHBIH, BBDKUBAa€MOCTb UX COCTaBAsIeT Bcero 20%.
KpymnHasi xeae3a 4eA0Be4eCKOrO OpraHU3Ma sIBASIET-
Csl yHUKAAbHBIM MHOIO(QYHKIIMOHAABHBIM OPTaHOM,
KOTOPBII OAHOBPEMEHHO BBIIIOAHSET 9K30KPUHHYIO
Y 9HAOKPHMHHYIO QpyHKIUIO. Pak mopskeAyA0dHOM sxe-
A€3BI YaCTO AMAarHOCTUPYETCs Y OOABHBIX AMA0ETOM.
IIpuymHa 9TOM CBSA3H Ha CETOAHSIIHUI AGHb HeHs3-
BecTHA. TeMIbl pocTa U pacIpOCTPaHEHHOCTH Ca-
XapHOTO ArabeTa IPHOOPETAIOT KOAOCCAABHbIE MAC-
mTabbl, IpUpaBHUBaEMble K MUPOBOM KaTacTpode.
Toapko B Asepbaiiaxane Ha 2020 rop, 272842 ye-
AOBEKA HAXOASITCSI Ha y4éTe C AMaTHO30M AMabeT, To
eCTb KaXKAbIH 40-11. A CKOABKO UX el[é He YITEHHBIX?
PocToM koAnyecTBa GOABHBIX CAXapHBIM AHA0ETOM,
MOBBIIIAET ONACHOCTDb YBEAUYEHHUS YHCAA ITALIUEHTOB
C AMAaTHO30M PaKa IOAXXEAYAOIHOM XKEeAe3bL.

B Poccun ¢ 2021 ropa, B paMkax ImporpamMMbl
IUPPOBU3ALUU CHCTEMbI 3APAaBOOXPAHEHUS, CO3Aa-
éTcs eAnHAs 6a3a MEAUIIMHCKUX AQHHBIX, KOTOPast

IpeAHa3HaYeHa AASL 0OydeHHs HCKYCCTBEHHOTO UH-
TeAAEKTa. AL 9TOTO B He€ BKAIOYAIOTCS Pe3yAbTa-
TBI BCEX IIPOBOAMMBIX MCCA@AOBAHUI M AaHAAH3OB.
Poccuiickas IT-xommanns « TexAAB>», cospasa cu-
CTEMY IIOAAEPIKKH IIPHHSITUS BpaueOHBIX pelleHu],
Galenos, copeprkamasi B cebe MHOXXECTBO HHCTPY-
MEHTOB AASL 00PabOTKU AQHHBIX MALIUEHTOB U Ha UX
OCHOBe BbIAQYM peKoMeHAanuii o aedenun. Ha ero
6ase paspaboTansl HaOops1 MoayAeit « Galenos. Aua-
rHOCTHKa>», « Galenos.Pexomenparun>», « OHkorna-
CIIOpT marnueHTra>», «Galenos.Ayaur», «Galenos.
AVCIIAT>», «Galenos.12B3H>». C mnomompbio
3TOM TeXHOAOTUH IIOAb30BATEAb ITOAYYUT AOCTYII KaK
K 3HAHUSIM, HAKOIIA€HHBIM CHCTEMOM, a TAK)Ke K AQH-
HBIM, 3arpy>KeHHBIM U3 BEPTHUKAABHO MHTETPUpPO-
BaHHOM MEAUITMHCKON MHPOPMALIMOHHOM CUCTEMBI
«OHKOAOTHS >, YTO IIO3BOASIET CHU3UTD HarPy3Ky Ha
CIIeIIMAAUCTOB B AAHHOU o6aactu [S]. B 2020 roay,
npodeccop Yrpexrckoro yHuBepcuTeTa, Hupep-
AaHABL, A66unr I. P, B cTtarbe «lHHOBaIoHHbBIE
TeXHOAOTUH B 3APABOOXpPaHEHHH, OCTeperamTech
IIOABOAHBIX KaMHell>», obpaliaeT BHUMAHHUe Ha HC-
IIOAb30BAHNE UCKYCCTBEHHOI'O MHTEAAEKTA B MEAU-
nune. ITo eé muenuro, Texuoaoruu E- u m-health
MMEIOT IPEeHMYIIeCTBA, TaK KaK IPEAOCTABASIOT
boAee IleACHANIPABACHHYIO U II€PCOHAAUZHUPOBAH-
Hy1o Meannuny. Pabora M 3akarouaercs B aHaAu-
3€ U CpaBHEHUHU KOHKPEeTHBIX AAHHBIX O INaIlMeHTax
C 6OABIIUM KOAMYECTBOM B OCHOBHOM aHOHMMHBIX
U arperupoBaHHbBIX AQHHBIX OT APYTHX IalUeHTOB.
TexHOAOTHIO TaKXKe MOXKHO HCIIOAb30BATh, AASl PaH-
Hero IpOTHO3MPOBaHMs, OOHAPY>KeHUs, AMArHO-
CTHIKH U TIOAAEPKKHU MIPUHATHA pemenwuit [6]. Pa-
6oTa KaHAMAATA TexHUYeCKux Hayk FOro-3amapHoro
TocyaapcrBenHoro yuusepcutera Poccun, Babxo-
Ba A. C. Ha Temy «[IpeBeHTHBHAsI AMATHOCTHKA OH-
KOAOTHYECKHX 3a00AeBaAHUI )KEAYAKA ITPU CKPUHHUHTE
C TIOMOIIBIO CUCTEMBI TIOAACPIKKH TPUHATHSA KAAC-
CHQHKAITMOHHBIX PENIeHHI> , ICXOAUT U3 TUIIOTE3bI
06 MHGOPMATHBHOCTH KPOBH, KaK COEAHHTEABHOM
TKaHM, BBIITOAHSION e TpaHCIOpTHhIe pyHKIMU. Ha
6a3e U3y4eHHOTIO MaTepHaAa IPEAAOXKEHA HHPOPMA-
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ITHOHHO-aHAAUTHYECKAS] MOAEAD MTOAACPIKKH IIPH-
HSTHS pelleHU AAS CKPHHUHT-AUArHOCTHKH paKa
JKEeAYAKA, KOTOpasl IpeAyCMaTpuBaeT JKCIepTHOe
3aKAIOYeHHe, HA OCHOBEe AMCIIEPCHOHHOIO aHAAM3a,
a TaKkKe MCIIOAb30BaHHE MHPOPMALMOHHOTO KpH-
tepust Kyapbaka nau xpurepust CrbropeHTa. ABTOP
CYMTAeT, 4YTO IIPUMEHEHHe CUCTEeMbI IIO3BOAHT I10-
BBICHTDb 3 PEeKTUBHOCTD MEAUITMHCKUX OCMOTPOB
AASL BBISIBAEHHSI 3a00A€BaHUSI Ha PaHHEN CTAAUH
U IPUHSATHU pelleHHe O HeOOXOAMMOCTH TOCIH-
TAAM3AITMU UAM KAMHHYECKOTro obcaepoBanHus [7].
Baxxnoctb komnbiotepHoit CIIIIP B o6aacTu Mepu-
IIMHBI, U3-3a PAcTylel ”HPOPMALMOHHOM HarPYy3KH,
oTMevaroT Takoke AuTBuH A.A. u AutBuH B. A., u3
Beaopycckoro rocypapcTBeHHOrO yHHMBEPCHTETA,
B cTaTbe «(CHCTeMBI IOAACPIKKH IIPUHATHUS pelle-
HUH B XUPypruu>. OHU IIPeAAaraloT TEXHOAOTHIO,
KOTOpast obecriednBaeT cOOp, AHAAN3 AQHHBIX, Ma-
TeMAaTHYeCKOe MOAEAMPOBaHMe, pa3paboTKa aAb-
TEPHATHB 1 BBIOOP METOAQ AUATHOCTUKY U ACIEHUSL.
Hanb6oaee 3¢ pexTHBHBIM, [10 UX MHEHHIO, SIBASIFOTCSI
HCITOAb30BaHUe TeXHOAOTHI M B CAOXKHBIX KAUHH-
veckux caydasx [8]. B 2019 roay Cyasyku K. u Yen
IO. n3 Tokuilckoro TeXHOAOTH4EeCKOrO MHCTUTYTA
HMHHOBAIIMOHHBIX HCCAEAOBaHMUI, B pabore «Ickyc-
CTBEHHBIN HHTEAACKT B CUCTEMaX ITOAAEP>KKH IPHU-
HATHS pelIeHU AASI AMaTHOCTHKH B MEAUIIMHCKOM
BU3YaAHM3aLMK>, IPEAAATAIOT IIepBbIil BCECTOPOH-
HUIT 0630p TeXHOAOTUII HCKYCCTBEHHOTO NHTEAALK-
Ta B CHCTEMAaX IOAAEPKKH IPUHATUS PeIleHUH AAST
AMATHOCTHKHU Ha OCHOBE MEAULIMHCKHX H300paxe-
Huil. MlccaepyeMasi, ”HTEAAKTYaAbHASI TEXHOAOTHS
BH3YaAU3aIMH, IIPEACTABASIET COOOM CIIpaBOYHOE
PYKOBOACTBO, KOTOpOe A€T MHPOPMAIUIO O CO-

CTOSTHHH 3AOPOBbsI IIAIUEHTOB, HA OCHOBE MEAU-
uuHCKHX n306pakenuit [9]. Urorun nccaepoBanms,
npoBepéHHoro Kpymuncku 3. A., u3 AemnaprameHTa
PAAMOAOTHH M BU3YaAU3AIUH YHUBEPCUTETa DMOPH,
ArtaanTa, B 2020 roay, «BaxxnocTs nporpaMmmHoro
obecrieueHUs TIOAASP>KKHU TIPUHATHS PeIIeHUI AAS
OHKOAOTHYECKU OOABHBIX>, IOKA3aAM, YTO IPO-
rpaMMHOe obecrieueHne AASL 0OMeHa HHPOPMALIH-
el MOXKET 0OAErYuTh OOIIeHIE MEXAY HALIIEHTOM
U Bpa4yoM, II03BOASISI COBMECTHO IIPHHUMATD pellre-
HUs. VIHCTpyMeHTHI HCKyCCTBEHHOTO HMHTEAAEKTA,
MOTYT IIOMOYb aHAAM3HPOBATh U KAACCUPUITHPOBATD
AQHHBIE, a TAKOKe ONTHMH3HPOBATD U IIOAAEP>KUBATD
paboumit mponecc [10].

3akarouenue. B pesyaprare o630pa mccaepoBa-
HUI MOXKHO CAEAQTb CAEAyIOIINe BBIBOABL: B amoxy
KOAOCCAABHBIX 00'5EMOB MH(OPMALINH U IIOBBILIEHHIS
TpeOOBaHUIl K 3APABOOXPAHEHHIO, YBEAUINBAETCS
U TpeboBaHUs K UHPOPMAIIMOHHBIM CHCTeMaM. D -
($EeKTUBHOCTb AMATHOCTUKH U A€YEHUST OHKOAOTH-
4eCKHUX 3a00AeBaHNUI, B pAHHEH CTAAUH, B OOABIION
CTeIIeHH 3aBUCHUT OT CKOPOCTH IIPUHATHUS PelleH .
Hcrioab3oBaHre HHHOBAIIMOHHBIX IIPHAOXKEHHI AQET
MHOXECTBO IIPEUMYIIECTB AASL OOAerdeHusT paboThI
Bpayeil: OLleHNBAeT COCTOSIHIE OOABHOIO, YCTaHAB-
AVBaeT HAAWYHe B aHAMHe3€ CAy4Jas paKa, IPOBOAUT
06pabOTKy aHAAU3OB, IIOBBIIIAET OIEPATUBHOCTH,
IIOMOTAeT B IIOCTAHOBKE AOCTOBEPHBIX AUarHO30B,
a TaloKe B HA3HAYEHHH ONITHMAABHOTO A€UeHHS U pe-
abuanraruu. [IpoBep@HHBI 0630p 1 aHAAN3 B 0OAQ-
CTU IIPUMEeHEHHS! Pa3AMYHBIX METOAOB AATHOCTHKH
U A€UEHHUs PaKa COBpeMeHHBIMH MHQOPMAITHOHHEI-
MH TEeXHOAOTHSIMH, ITOATBEP>KAQIOT aKTYaAbHOCTD
Y 3HAYUMOCTb ITUX HCCAEAOBAHUI.
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Abstract. The article presents the results of theoretical research and computer simulation of com-
posite transistors made of semiconductor material with different bandgap widths. To study the volt-
ampere characteristics of such composite transistors, an interactive computer simulation program has
been developed in the Delphi-6 programming environment. It is shown that the proposed transistors
make it possible to improve manufacturability during its industrial production. The proposed com-
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TEOPETUYECKOE UCCJIEAOBAHUE U KOMIbIOTEPHOE
MOAEJINPOBAHUE COCTABHbIX TPAH3UCTOPOB,
N3roTOBJIEHHbLIX U3 NOJZTYNPOBOAHUKOBOIO
MATEPUAJIA,C PABHOU LULMPUHOWN 3ANPELLEHHOM 30HbI

Annoranusi. B cTaTbe mpuBeAeHbI Pe3yAbTaThl TEOPETHIECKOIO HCCAEAOBAHUS M KOMITBIOTEPHOTO
MOAEAMPOBAHHUS COCTAaBHBIX TPAaH3UCTOPOB, U3TOTOBACHHDIX U3 ITOAYIIPOBOAHMKOBOTO MaTepHaAa
C Pa3HOM MIMPHUHOM 3aNpeleHHOMN 30HbL AAS NCCAGAOBAHHS BOABT — aMIIEPHbBIX XapaKTePUCTHK Ta-
KX COCTaBHBIX TPAH3HCTOPOB pa3paboTaHa AHAAOTOBASI KOMITBIOTEPHASI MOAEAUPYIOLIAS IIPOrPaM-
Ma B cpeae mporpammupoBasus Delphi-6. [Tokaszano, 4To mpeasaraeMbie TPaH3UCTOPDI ITIO3BOASIIOT
IOBBICUTD TeXHOAOTUYHOCTD NP €ro MPOMBIIIA€HHOM M3roToBAeHHH. [IpeasoskeHHbIE cOCTaBHbIE
TPaH3UCTOPBI IPEAHA3HAYEHBI AASI BBIXOAHBIX KACKAAOB YCUAUTEAEH MOIHOCTH, PAAHOTIEPEAAFOIIUX
YCTPOFCTB, 9AeKTPOHHO 00OPYAOBAHHUH IIPOMBIIIACHHO 1 aBTOMOOUABHO 9AEKTPOHUKH.

KaroueBpie cAOBa: MOAYTIPOBOAHUMKOBbIE MaT€PHAADI C Pa3HOM ITMPHUHOM 3alpeleHHON 30Hbl,
COCTaBHBIE TPAH3HCTOPBI, BOABT — AMII€PHAsI XaPAKTEPUCTHUKA, Cpepa mporpammuposanus Delphi-6,
BBIXOAHbIE KACKAADI, yCHAUTEAN MOITHOCTH, PAaAUOTIEpEAAIOIIME YCTPOMCTBA, PYHKIIMOHAABHBIE Y3ADI

PaAMOTEXHUYIECKHX YCTPOMCTB.

IToAympoBOAHUKOBBIE IPUOOPDI i PYHKIIMOHAAD-
HbI€ Y3AbI PAAMOTEXHHYIECKHX YCTPOMCTB OCTOSHHO
COBEPUIEHCTBYIOTCS, T.€. HAXOAATCS B ITpoIjecce Mo-
Aepuusanun. IIpu aToM BaXXKHO COXPaHATb €AUHCTBO
HAy4HOTO IIOAXOAQ K IIPOEKTHPOBAHHIO IIOAYTIPOBO-
AHHUKOBBIX yCTPOMCTB. B 4acTHOCTH, aKTyaAbHbBIM SIB-
ASIETCS MCITOAb30BAHHE HOBBIX IIOAXOAOB M METOAUK
npoexTuposanus [ 1].

CxeMa cOCTaBHOTO TPaH3MCTOPA, U3TOTOBACH-
HOTO M3 ITOAYIIPOBOAHHMKOBOI'O MaTepHaAd C pas-
HOW IMPUHOM 3allpeljeHHOM 30HbI IIPEACTaBACHA
na (puc. 1a). 3anyckaromuit rpansucrop VT1 —
KpeMHHEeBbIH, BBIXOAHOH TpaHsuctop VT2 — rep-
MaHUEBBIH.

HeTtpyaHO BHAETD, YTO MOTEHI[UAA KOAAGKTOPA
VT1 6yaeT Bceraa HipKe IOTeHIMaAa 6a3bl 3TOTO
TPAH3UCTOPA Ha BEAHMYMHY IIPSIMOTO HAIPsDKEHUS
Ha 9MUTTEPHOM Ilepexoae TpaHsucropa V12,

CaepoBareapHo, Tpansucrop VT1 mpu AIOOBIX
3HAYEHUIX UK u UBX OyAeT HAXOAUTDHCSI HA HAYAAPHOM
yJacTKe peXkrMa HaChIIleHuU .

Tox xoasexropa VT1 B pexkxuMe HacbIIeHHUs
OIIPEACAUTCS] COOTHOIIEHHEM

I, =1, eXP(b91UBa) —Iox eXp(bklUBKl) =
_ I exp- by Upx =Ty exp(bU,) (1)
a1 exp(b; Uy )
B Bripaskenun (1):

o, —K03pPUITMEHT epeAadt TOKA IMUTTEPHOIO
IepexoAa B aKTUBHOM PeXHMe;

I, m bal — IIapaMeTphbl SMUTTEPHOTO IIepexoAd
B 9TOM PeXHUMe;

I m bKl — IapaMeTpPhl KOAAGKTOPHOTO Iepexoa
B MHBEPCHOM peXXuMe.

B cooTBeTcTBHM CO CXEMOM BKAIOYEHUS (pI/IC. la):

UBKI = UBl - UKI = UEI_ Uaz = Usaz'

Aomnycrum, yto Tpansucrop VI'1 —aro Tpansu-
crop KT315A, a tpansucrop VT2 — tpan3ucrop
MII38A. ITapameTpsl 3TUX TPAH3UCTOPOB CAEAYIO-
wue: [ = 4,5 - 107! MA, ba1 =35,5B7, I,=128:
- 107° MA, bK1= 21,64B1, 1,=577" 103MA, b32 =
=35,2B°L.

OLeHuM BeAMYHHY

S = L exp(by -Ug,) _
aIIOI eXp(bBIUBX)
— IOK .
a1y, exp(by, Uy —by -Ugy,)

38



THEORETICAL RESEARCH AND COMPUTER SIMULATION OF COMPOSITE TRANSISTORS MADE OF A SEMICONDUCTOR MATERIAL WITH DIFFERENT OF THE FORBIDDEN BAND

Tax kak Tpansucrop VT2 repmanuesblii, To B 06-
Aactu ToKOB A0 200 MA snavenue Uy, < 0,3 B. Cae-
AOBATEABHO,

6 < (IO—KJeXp— (byUpy —by -0.3) =

aI 01

~28.38:10° exp— (b, U, — by -0.3).

T .
257 Fiemare=150mBm Uopi=0.778
E'-':'H.i'=ﬂ' ?ﬁB
204 :
%
%
e Uy =0,75B
15 .\
o *. ‘ Uspy=0,74B
\ -
VT2 10 ~ a— Usp=0,73B
E T
o—+ 1
VT1 2
] U, =0,68B
o 3 O } } ! } -
J_ 0 10 15 20 25 Uy B
a) 0)
PucyHok 1. Cxema coCTaBHOrO TpaH3ncTopa (a) n CeMencTBo
3aBUCUMOCTEN TOKa KOIeKTopa TPaH3nUCTopa, U3roTOBJIEHHOIO U3
NONyrnpoBOAHNUKOBOIroO Matepuana, ¢ pasHom LWMPUHON 3anpeLLeHHON 30Hbl
oT U, ., NpW pasfinyHbIX 3HA4YEHMSAX BXOOAHOMO HanpsixeHus U, (0)
ITpu U, =0.65B, §<2.03-107; IpY  3HAYEHMAX BXOAHOTO Hanpspkenus U, .. Kak Bupnm,

Uy, =0.8B, §<1.02-10°. Takum o6pasom, Bo

BCSIKOM PEaAbHOM AMara3oHe 3Havenui U, BeAndu-
HOI 6 MOXXHO IpeHeOpeyb I10 CpaBHEHHIO ¢ 1 1 cuu-
TaTh
Iy =1y, = o1 exp(by,Upy ). (2)
3amyckaromuit TpaHsucrop V11 urpaer poab
HAEAABHOTO TeHepaTopa CTAOMABHOTO TOKA, ITUTAIO-
I[er0 d9MUTTEP BBIXOAHOTO TpaHaucTopa V2.
Ha (puc. 16) mpeacTaBA€HO CeMeNCTBO 3aBUCHU-
MOCTeH TOKa KOAAEKTOpPa COCTaBHOTO TPaH3HCTOpa
OT HAIPSDKEHHUSI KOAAEKTOP — 6a3a, P Pa3AHMIHbIX

B IIOAHOM COOTBETCTBHHU C PACYeTOM, IKCIIEPUMEHT
AaeT oueHb caabyro saBucumocts I ot U, 0by-
CAOBAEHHYIO TOABKO 3 pektoM Dpau. Tpausucrop-
Hasl rmapa paboTaeT yCTOMYMBO IPH HAMpPSDKEHUU
KOAAEKTOp — 6a3a A0 16 B 1 Toke B KOAAEKTOpE AO
25MA, KOTAa paccenBaeMas Ha KOAAEKTOpe MOLI-
HOCTbD TIPeBBIIIAeT [ACTIOPTHOE 3HAYEeHHe IPeAeAb-
HO AOIYCTUMOM MOILIHOCTH B 2,7 pasa. Kaxapiit us
TPaH3UCTOPOB IAPbl, B3SATHII OTAEABHO, IEPEXOAUT
B HEYCTOMYUBBIN PEXKHM ITPU TOKax 60aee 8 MA 1 Ha-
IPSDKEHISIX KOAAEKTOp-6a3a 6oaee S B.
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vT1

5 o—t

VT2

a)

K
bl
B — VT
IE ila
3
0)

PucyHok 2. Cxema COCTaBHOIO TPAH3UCTOPA, U3roTOBJIEHHOIO U3 MONYNPOBOAHNKOBOIO
MaTepuana, ¢ pa3Hon LUMPUHON 3anpeLLEHHON 30HbI (a) 1 ero MakpomMoaess (0)

MccaepOBaHHBIN COCTAaBHOM TPaH3HCTOP UMeeT
npu I3 =SMA, UK3 = 18 B audpepenimasbHoe co-
IPOTHBAEHUE Ha ABA IIOPSIAKA OOABIIIE YeM OAMHOY-
HBII ApefPOBbIM TPAaH3UCTOP, IPH 3TOM COXPaHsIeT-
cs1 Boicokoe 3HaueHue KIIA ycuanreas MomHocTH.

MakpoMOAEeAb COCTABHOTO OUIIOASIPHOTO TPaH-
3MCTOPa MOXXHO PaCCMATPUBATh KaK OAMH UAEAAb-
HbII OUIIOASIPHBII TPAH3UCTOP (pnc. 3), omucrIBa-
eMBIit MOAeABI0 Dbepca-Moaaa ¢ koadpuireHTOM
IepeAaqH TOKa 0assl:

AIE 1 _ 1 _ ﬁ1ﬂ2

ﬂN = = =
Ah£1+ 1 }£1+1j B+ P,
ﬁ] ala2/32 ﬁl ﬂZ

a k03P PUITMEHT MepeAayr TOKa IMUTTEpa OIpeae-
ASIeTCSL:

,(3)

=P (4)
1+ B,
Toxu 1 HanpsDKeHUS MAKPOMOAEAH OIIPEAEASIIOT-

Cs1 CACAYIOITMMH BbIPAJKEHISIMHU

B.B
Iy =1, = mlam (L+y(Ugs = Ugs))(exp(by,Uyy) - 1), (8)
I,=1, =1,,(expb, U, —1), (6) I, I, I, —TOK KOAAEKTODA, Ga3bl M OMHUTTEPA Ma-
o B KPOMOAEAH;

Iy =)l + (-0 )00y, (7) I, — ToK KOAAeKTOpa TpansucTopa VT2;

Uy =Ups (8) U,y Uy, — HallpsDKeHNE Ha 9AEKTPOAAX COCTaB-
HOT'O TPaH3UCTOPA.
Uks =Usp + Uk 9)

rae B, B, — k09pPuUIIMEHTHI IIepepadr TOKOB 6a3

TpanaucTopos VI'1 u VT2;
o, o, — KO3 PUITHEHTHI IIePeAAUYN TOKOB SMUT-
Tepa TpaHauctopos VT1, VT2;

1301 — TOK HAaCbIM€HH SMUTTEPHOTI'O IIEPEXOAA

VTI;

Y — K03)PUIIMEHT, ONIMChIBAIOLIMI MOAYASLIAIO
mupuHb! 6231 (3dPext Dpan);

b, L b, — mapamerp upeaspHocTu BAX amuTTep-
HOTO Iepexoaa Tpansucropos VI'1u VT2;

AuHaMuYeCcKoe COIPOTUBAEHHE TPAH3UCTOPA
OYeHb OOABIIIOE 1 CTPEMUTCS K O€CKOHEYHOCTH TIPH
usMeHeHnu U, , ¥ OCTOSIHHOM 3HaveHuu U

A
R = L _ UK9zoo. (10)
oly, Al
ol

Kb1

KpyrusHa mepeaaTrodHoi XapaKTepHCTUKH IKC-
IIOHEHIIMAABHO PACTET C yBeAMYeHIeM HaIPSDKeHISI
aMuTTEp — 6asa

S ol

K1

(11)

=b,I, =al,,exp(b,U,y).

9b
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TaxuM 06pasoM, 3aIyCKAOMHMI TPAH3UCTOP
UTPaeT POAb UAEAABHOIO, YIIPAaBASIEMOTO HaIpsbKe-
HHUeM, reHeparopa Toka. [Ipu aTom

Iy =15, =sUy. (12)

Aas uccaepoBanuss BAX cocraBHOTO TpaH3H-
CTOpa, U3TOTOBAEHHOIO U3 IOAYIPOBOAHUKOBO-
ro MaTepHraAa, C Pa3HOM MUPHUHOM 3alpeleHHON
30HbI Ha OCHOBE BbIPA)KEHHUI (5)+(7) paspaborana
AMAAOTOBas KOMIIbIOTEPHAsI MOAECAMPYIOIIasi IPo-
rpammMa. [Iporpamma mos3BoasieT HCCAGAOBATD AAS
COCTaBHOTO TPaH3UCTOPA 3aBUCUMOCTH dMHUTTEP-
HOTO TOKa [, OT HanpsDKeHNsI KOAAEKTOP- 9MUTTEP
NPH MOCTOSHHBIX 3HaYeHusx U, u 6a30BOr0 TOKA
I 0T HaNPSKEHUSL KOAAEKTOP — 9MHUTTEP IIPU IIOCTO-
SIHHBIX 3Ha4eHusX U, ..

McxopHBIMU AQHHBIMHU SIBASIIOTCS IIApaMeTPhl Ma-

TemaTmaeckoit Mopean (1):

I 1

201, K01
AEKTOPHOTO IIepeXoA0B TpaHsucropa VT'1;

— TOKH HACbhIIIEHM SMUTTEPHOI'O M KOA-

b31 ) baz’
SMHUTTEPHBIX U KOAAEKTOPHbIX IIEpeXOAOB TPaH3H-
cropoB VT1u VT2.

X ¥ {4 — TTapaMeTPbl, OTIPEAEASIONIKe CTeNeHb BAU-

b ub,, —mapamerps mpeasbHOCTH BAX

SIHMS HAaIIPsDKEHUS, IIPUAOXKEHHOTO K KOAAGKTOPHO-
My IIepeXOAy, Ha BBICOTY IOTEHIIMAABHOTO bapbepa
3MHUTTEPHOTO IePeX0Aa U MPOIecchl epeHoca 3a-
PSAQ B IIEpPeX0AaX.

g, - Xapakrepusyet aQpexT Ipau;

&, —XapakTepuayeT OMHYECKHe IOTepPH.

Pa3paboTaHHast KOMIIPIOTEPHASI MOACAUPYIOIIAS
IporpamMa rnosspoaser uccaeposarb BAX cocrasHo-
IO TPAaH3UCTOPA, U3TOTOBAEHHOTO U3 IOAYTIPOBO-
AHHKOBOI'O MaT€PHaAa, C Pa3HOM IIMPHUHOM 3ampe-
I[eHHOM 30HBL. B KauecTBe wHAAIOCTpanuu Ha
(puc. 3+6) npuseaenst BAX cocTaBHOTO TpaH3uCTO-
pa IpH CAEAYIONTHMX 3HAYeHUSX ITapaMeTPOB TPAH3H-
cropos: f,=100; f,=30; u =0.329B7; y =
=0,619B7; ¢ =0,000567MAB™; 1, =0,00175 MA.

) 7201

" porpassis paciss 1 BAX Gumne 8 pssto e S{osoro TpaREHCTo S

Beemime JaHHEIC JUIH PAcIeTa
BAX TpaszscTopa

U yames” B e B L= i1 , mA

Pronss = mBr e

Kinay
I= s
b,=fi% b= s

=~ ==
Inl,,=}mns nl,.

{Buﬂ-rplm THI BAX

L

Hesymre soesanp scpimedi -j ijeffn

Hoemoe snasemee U“} = +B

[ 1 1 4 3 [ 7 1
|l..'l:':1 B nd nel 0l

Uy B Enoa
7 2]
L L Pacuer

PucyHok 4. BHelwHWX B1A N0Nb30BaTENIbCKOro MHTEepgenca nporpammbl pacyeTta
BAX cocTtaBHOro TpaH3mncTopa, M3roToBJIEHHOIO U3 MOJTyNPOBOAHMKOBOIO
Martepuana, c pasHom WPUHOW 3anpeLLeHHON 30HbI
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L

L L & W ;N L
=

2 4 B B 10 12 14 16 18 N 2 M X XN M D M E 31 40

Ugs. B

PucyHok 5. PacyeTHas 3aBMCUMOCTb SMUTTEPHOMO TOKa /, OT HanpsiXXeHus
KonnekTop-amutTep U, , COCTaBHOrO TPaH3MCTOPa NPY NOCTOSAHHbBIX
3HaveHusAx U,, paBHbix cooTBeTcTBeHHO: 1-0,62 B, 2-0,63 B, 3-0,64B,

4-0,65B, 5-0,66 B, 6-0,67B, 7-0,68B, 8-0,69B, 9-0,7 Bun 10-0,71B
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PucyHok 6. PacyeTHasi 3aBMCMOCTb KOJIIEKTOPHOI O TOKa /, OT HanpsXeHuns
KonnekTop-amuTTep U, , OMNoNspHOro COCTaBHOrO TPAH3NCTOPA MNPU NMOCTOAHHbIX
3Ha4eHusx U, paBHbix cooTBeTcTBEeHHO: 1-0,62 B, 2-0,63 B, 3-0,64B,
4-0,65B, 5-0,66 B, 6-0,67B, 7-0,68B, 8-0,69B, 9-0,7 Bun 10-0,71B
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PucyHok 7. Pac4eTHas 3aBMCMMOCTb 6a30BOro Toka /, OT HanpsaxeHus
0asa-amnTTep U,,cocTaBHoro TpaHsuctopanpu U,,=5B

Taxum 06paszom, TeopeTHIeCcKH U 9KCIepuMeH-  skeHus U, B S pas 60Aee BBICOKHX, YeM B CAydae OT-

TAAPHO MCCACAOBAHbI COCTAaBHbIE TPAH3HUCTOPBDI, 13- AEADBHO B3ATBIX TPAH3UCTOPOB.

TOTOBACHHbBIE U3 ITIOAYIIPOBOAHHKOBOTO MAaTE€PHAAAQ, HpeAAOX(EHHbIe COCTaBHbIC 6I/IHOAﬂprIe TpaH-

C pa3HOHU IIMPHUHOM 3aITp €€ HHOHN 30HbL. AAS[ HCCAEC- 3HUCTOPbI, U3BTOTOBAE€HHBIE U3 IIOAYIIPOBOAHNKOBOI'O

AoBaHust BAX Takux TpaH3UCTOPOB paspaboTaHa AM-  MATepUaAd, C Pa3HOI IIHPHUHOI 3aIIpeleHHO 30HbI

AAOTOBAsI KOMIIBIOTEPHASI MOACANPYIOIIA IIPOTpaM- MOryT OBITh MCIIOAB30BAHbI B OKOHEYHBIX KaCKapax

Ma B cpepe nporpammuposanus Delphi-6 [2-4]. YCHUAMTEAEH MOIIHOCTH, PAAUOIIEPEAAOIIUX yCTPOM-

ITpepraraemblil COCTABHOM OHUITOASIPHBII TPAaH-  CTBAaX, B 9AeKTPOHHOM O0OOPYAOBAHUH ITPOMBILIAEH-

3UCTOP YCTOMYUBO pabOTAET IPY 3HAYEHUSIX HALIPSI-  HOM M aBTOMOOHABHOM 9AeKTPOHUKH.
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