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PU3NKO-MATEMATHYECKHE HAYKH (CIEIUMAJIBHOCTD 01.00.00)

MATEMATHKA (CIIEUAJIBHOCTD 01.01.00)

CEKLIUS Nel.
BEIIECTBEHHBIN, KOMILTEKCHBINN ®YHKIIMOHAJIBHBIN AHAJIN3
(CHELUAJILHOCTD 01.01.01)

CEKIUSA Ne2.
JNOOEPEHIIUAJIBHBIE YPABHEHUSA, IMHAMUWYECKHUE CUCTEMBbI
N OITUMAJIBHOE YIIPABJIEHUE (CHEIMAJIBHOCTD 01.01.02)

[MEPUOJUYECKUE PELLIEHNS MATEMATUYECKOU MOJIEJI COLIMOT' EHE3A

Baesa O.B.
Axademus pedepanvroii cyscowl ucnoarnenus Hakazanus Poccuu

PaccmarpuBaercs MaremaTudecKkas MOJENb  COLUOIEHE3a, OIUChIBAEMas HEJIMHEHHOW  CUCTEMOMU
muddepeHnnanbHbIX  ypaBHEHUH C TapaMmeTpoM. OmnpeneneHbl yCIOBHSA CYIIECTBOBAHHSA HEHYJIEBOTO
MIOJIOKHUTETHHOTO NEPUOANIECKOTO PEIICHHS.

Kniouegvie cnosa: maremaTHdeckass MoOJeENb, HEJIHMHEHHas cucteMa anpQepeHLUaIbHbIX YPaBHEHUI C
IIapaMeTpoM, HEHYJIEBBIC IIEPUOANIECKUE PEIICHHS.

T. Mapconc [1] mpeanoxun cxeMy omucaHHUs OOIIECTBa, KOTOpas JCKUT B OCHOBE IpeaaracMoil MoOJIeIn
cormorenesa. IlapcOHC BBIIEISET COCTABISIONIME ee IMOJCHCTEMBL COIHETATbHOE OOMIECTBO', CHCTEMY
TOJUIePKAHNS HHCTHTYIIHOHAN3UPOBAHHBIX. STHHUECKHX 00DPA3IOB, SKOHOMHUECKYIO H TIONUTHIECKYI) CHCTEMBL.
JlMHaMuKy NU3MEHEHHS IaHHBIX YPOBHEH OIMUIIEM CHCTEMON AndpepeHIaIbHbIX ypaBHEHHH.

B kadecTBe ympaBiAIOLIET0 IapamMeTpa BO3bMEM YPOBEHb ITACCHOHAPHOTO HANPSIKEHHS (XapaKTepHUCTHKA
sTHOCa). [laccmoHapHOe HaIlpsPKeHHE — 3TO KaYeCTBEHHAsI XapaKTepUCTHKA, KOTOPYIO CIEAYeT paccMaTpUBaTh Kak
HEKYI0 YCPEAHEHHYIO OLIEHKY STHUYECKOH CHCTEMBI.

[Momutnueckyro cucteMy Oyzaem omuckiBaTh Gpynkuueiit G(t), skoHomuueckyto cuctemy - E(t) , conneransHoe

coobmectBo — dynkuueii K(t) u cucremy mopmep:kaHus MHCTHTYUIHOHAIM3UPOBAHHBIX dTHHYECKHX 0Opa3LoB —
oyuknuern D(t). Tlox G(t) OyaemM mNOHHMATh CTENEHb MONUTHYSCKONW An(bQepeHInaIy, KOIHIECTBO
HOJMTHYECKUX HHCTUTYTOB; o E(t) - konmuuectso enuuun Gonmos; K(t) usmepsiercs B KOJIMYECTBE COLUANBHBIX

HWHCTUTYTOB, IOCPEACTBOM KOTOPBIX IMTPOUCXOAUT
HUHTETpalus 06H.leCTBa; o1 D(t) MNOHUMACM KOJHNYCCTBO COLUAJIbHBIX HHCTUTYTOB, OTBCHAIONINX 3a NOAACPIKAHNEC

HMHCTHTYIIMOHAIM3UPOBAHHBIX STHUYECKUX 00pa3IoB.
Pa3BuTne monmTHYECKON CHCTEMBI ONUIIeM IudGepeHITHaIbHBIM YpaBHEHHEM

dG
— =Gg +Gg +Gx,
at G T BE TLK

1 o o
COHI/ICTEUTBHOQ COOGH.ICCTBO — €JIMHBIU KOJUIEKTHUB, ACATCIIBHOCTh KOTOPOTr0O OCHOBaHa Ha 06’I)CJII/IHCHI/H/I JIFOACH,

CO3HATCJIbHO NPUHUMAIOMINX HOpMaTPIBHLIfI TMOpsAAOK.

2 I/IHCTI/ITyHI/IOHaHI/BaHI/IH — MIPAaBOBOC U OPTraHU3allMOHHOC 3aKPCIVICHUC TCX WJIM UHBIX O6III€CTB€HHI)IX SIBIICHUI.
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rae
1) Gg =k¢e (t)(e’Vl_”l —1)G - cremeHp peakIWHM BiacTeif Ha OTKIOHEHHE OT OOIMIECTBEHHOTO CTPOS; BKIAJ
IPaBUTENIBCTBA B CTPOUTENBCTBO OCHOB FOCYJAPCTBCHHOCTH; YUET HHEPLIMOHHOCTH B PA3BUTHH.

3neck Kgg (t)(e”/l_”1 —1) - y4er nacCHOHAPHOCTU A MPH IIOCTPOCHUM» U MOJIACPIKKE TOCyIapcTBa. MHOKHUTEND

(e’7/1_’71 —1) - OTHOCHTENBHBIH YPOBEHb TACCHOHAPHOCTH.
2) Gg =(lg(t, £)—kge(t, v)E)E - yewnms moxeii B MoMeHT BpeMeHH { TO YKpETUIEHHTO MONMTHYECKOTO PEKIMA 3a

CYET CPEACTB SKOHOMHKH. CTENeHb 3THX YCHIHMH ONPEAC/SICTCS YCIOBUSIMH JKU3HH, T.€. YPOBHEM DPa3BHTOCTH
9KOHOMHKH.
3) Gk =kgk (K+D)G - nognepixka MOIUTHYECKOI CHCTEMBI O0LIECTBOM, JIETHTHMALIHUS BIACTH.

JlMHaMyKa SKOHOMHUYECKOH CHCTEMBI OIMCHIBAcTCS qu((hepeHnnanIbHbIM yPaBHEHHEM

dE
— =Eg - Eg —Eg,
dt E G K

rue
1) Eg =Kkgg (t)(e'ﬂ_n1 —1)E - ycunma mogeit B MOMEHT BpeMeHH t 110 pa3BHTHIO 5KOHOMHEKH.
2) Eg =(Ig(t,&)—kgg (t,v)G)G - orpanuucHus Ha SKOHOMEKY, HAKIATBIBACMbIC TIOTHTHKOI.
3) Ex =Kk (K + D)E - OTpaHUUYEHHs Ha SKOHOMUKY, HaKJIaJbIBaeéMble TpaJulieil 1 HOPMATUBHBIM MOPSAIKOM, U
HEKOTOPBIH TOIUOK B Hayaje Pa3BUTHUL.
JIroboe oOIecTBO poXKaaeTcss HE Ha IMYCTOM MeECTe, a Ha OO0JOMKax KOIZA-TO CIUIOYEHHBIX TOCYJapCTB.

[TosToMy B KadecTBe HAaYaNBHBIX JAHHBIX ( G|t70 =Gg, E|t70 =Ep) MBI MOXeM BBIOpaTh COOTBETCTBYIOIIUE

BEIIMYHHBI IIPEIIECTBYIONNX COMANBHBIX CHCTeM (KOoHCTaHTH Gg, Eg).
[Tycts conmeransHOe coobmecTBo ( K ) u cucreMa momiep)kaHusi MHCTUTYIUOHATU3UPOBAHHBIX dTHHYSCKHX
ob6pasuos ( D ) 3apukcupoBaHbl Ha HEKOTOPOM YPOBHE U HE MEHSIOTCS CO BPEMEHEM.
Paccmotpum cucremy muddepeHimansHbIX ypaBHEHHH

nA-n
(iT(t;: kGG(t{e 1—1G+[|G (t,g)E—kGE(t,v)Ezj—kGK(K + Db,

nA-n.
ﬂf:kEEﬁ% 1—%E—“EagﬁG—kEemvﬁz}kEKﬂ<+DE,

Gli—o =Co' Eli—0 = Eor

IIJ'IH YIPOUICHUA HUCCICAOBAHUA TMPCANOIONKUM, YTO MHTCHCUBHOCTH PCAKIIUU MOJUTUYCCKUX HHCTUTYTOB

kGG (t) U HWHTCHCUBHOCTb PpPa3BUTHA SKOHOMHKU kEE (t) PaBHBI. HpCZ[HOJ'IO)KI/IM, YTO TaKXE paBHbI 10JH
couuanbHbix UHCTUTYTOB ( K 1 D), BIUAIOMUX HA TONMUTHYIECKYIO AUPPEPSHIIHAIUIO 1 IKOHOMHIECKHI POCT, T.€.
kek =Kek -
Myers f(t,2)=koa tle™ ™ ~1), A=—kgy (K+D), ky(t, 2, 8)=Kag (t.v) kot 2,£)=kga (t.v)
It e)=lg(t,e)=g(t,&), v=(1,5), x=G, y=E, xg =Gg,Yo =Eg.
Torz[a CHUCTEMa IPUMET BUJ
X= Ax+ f(t, A)x+g(t, &)y —kq (t, 2, £)y2,
y=—g(t,&)x+ Ay + f(t, )y +kp(t, 2, £)x2, (1)
X|t:0 =Xo; Y|t:0 =Yo-
rae X - ypoBeHb mojauTudeckoi auddepennpanuu G, Y - pa3BuTHE IKOHOMUIECKOH cucTeMbl E .

3amaya: ONMpeIeNUTh YCIOBHS CYLIECTBOBAHUS HEHYJIEBOIO | - MEPUOANYESCKOrO penieHus cucteMsl (1).
Iepexomst K MOMSAPHBIM KOOPAUHATAM, X = 0 COS @, Y = pSiN ¢ MOIyduM CHCTEMY BHIA
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{p =(A+B(t, 1)+ X(t, 0, p, L e)p, (2.2
@ =u(t, &)+t @, p, 1) (2.2)
rie  B(t,A)=f(t, 1), ult,s)=-9g(t s),

X, ¢, p 4, &) =—k1(t,/1, g)pcos (/Jsin2 Qo+ kz(t,/l, g)pC032 psing |

@

CD(t, o, P A, 3)= ko (t,l, g)p0033 o+ kl(t, A, g)psin3 Q.
Tpuuem £(t,0)=0, X(t,0,0,4,£)=0, ®(t,»,0,1,5)=0.

HenocpenctBeHHO MOXKHO yOEAMTHCS, YTO AJISL CHCTEMBI (2) TIPH BBENEHHBIX MPEIIOI0KEHUSIX BBITIOIHEHBI
YCIIOBHSL:

a) X,¢- N—p-MepHblE BEKTOPBl COOTBETCTBEHHO, &,A- |—(Q-MepHBIE BEKTOp-IApaMETpHI,
A, B(t, /1), X(t, 0, X &, /”L) - (n>< n)-ManI/ILIBI;
0) ,u(t,g), CD(t,(p, oA, 8)- p -MepHBIE BEKTOP-(YHKIUH;
B) ma  wmoweerse  M(Sg)=[0,T]xEy xMo(Sp)xA(So)xE(S),  Mo(So)=lpeEp :|o|<d )
E(5o): {g ek :|g| <0y }, A(Sg) = {/1 eEq :|ﬂ| <y }, Eg - s-MepHOe BekTOpHOE mpocTpaHcTBo, T >0, 6y >0,
OTIpPENETICHbl W HENPEPHIBHBI BEKTOP-(PYHKINU ,u(t, 5), CD(t, o, A, 5) , MaTpHLbI B(t, l), X(t, 0% &, /1) u
BBITIOJTHEHBI YCIIOBHS
||d)(t, P\ %A &) -0t 9" x, A", g"] < Cl(é')-|(p'—(o" +Cy (51/1'—/1'1 +C3 (5)8’—8”
Xt ', %, A" &) X (1,0, A% &) < W(6) o'~ @] +15 (82— 2] + 15 (6 — "
[B(t, 2")-B(t, A")| <ala’ - 2], 0<5 < 5,
|ult, &")— ult, ") <ble’—&"

a,b - HexoTOpEIC MONOXKHUTENBHEIE YHCHA, IPH TF000M | =1,2,3 C; (5)—) 0, [ (5)—) 0, mpu 6 —0 paBHOMEpHO

OTHOCHUTENBHO [, X Ha MHOXKeCTBE [O,T]x R, R - mpousBoibHOE, HO (PMKCHPOBAHHOE 3aMKHYTOE M OTpaHHYEHHOE

MHOXECTBO  TIPOCTPAaHCTBA Ens X(t,¢,0,2,£)=0, (t,,0,2,6)=0, u(t,0)=0, B(t,0)=0,
lim X(t, @, x, 4,&)=0, lim ®(t, ¢, x 4,£)=0,

x—0 x—0

;
I,u(t, et =Ge+0(g), G - marpua, |®(g')— @(5”) < r(é‘)g’ —&', 7(8) — 0 npn 5 >0;
0

T') BEKTOp-()yHKIIHA y(t,g), (I)(t,go, oA, g), MaTpPHUIIBI B(t,ﬂ,), X(t,(p, X,E,ﬂ,) T - nepuoandeckue mo t B
00JacTH onpeeIcHHUS.

MycTs C(d,k) - knacc T — mepuoaudeckux no t BexTop-(yHKIMi F(t), OIpeJeNeHHbIX HA CErMeHTe
[O,T], TaKUX 4YTO ”F(’[mﬁd, ||F(t')—F(t”1
HOJIO>KUTETbHEIE THCIA.

Omnpenenenune. Ilyctb F(t)EC(d,k). Ilon pemennem cucremsl (2.2) mpu X = F(t), e E(50),

Sk|t’—t”| UI JIFOOBIX t’,t”e[O,T], d, k - HEKOTOpbIE

Ae A(50) OylleM NOHMMATh OIPEETICHHYI0 U HENpepbIBHO NU(QEepeHIPYyEeMYI0 Ha CerMeHTe [a,b] BEKTOP-

(GyHKIHIO (0('[), yIOBIETBOPSIONLYIO chcTeMe (2.2) npu mobom t € [a, b].

B pabote [2] ycTaHOBJEHO, YTO CHUCTEMa YPaBHEHHH MJIsl ONpEACJCHHS YCIOBHH CYIICCTBOBaHHSA | -
MIEPHUOINIECKOTO PEIICHNS CHCTEMBI (2) IPUMET B

X(T)-E+B"(2)+0(4)+0(d)e =0, 3

rae X (t) - pyHIaMeHTanbHas MaTpHIA PElIeHHil cucTeMbl X = AX, X (0) =E,
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T
B*(/I) = )?(t).[ X (T)B(t, )X (t)dt , & - HauansHOE ycioBHE.
0

Ipenmonaraem, 4To det()? (T)- E): 0.
Ilycte 1= rang()?(T)— E), 0<r<n. 3aMmeHOil mepeMeHHBIX « =Sf, B KoTOpoi S = (sl, S2,.,Sh_r ),
$1,S2,..,Sn_r - IMHEHHO HE3aBUCHMBIE PEIICHUS CHCTEMBI (X (T )— E)s =0, cucremy (3) cBeneM k cucremMe

M(p;, F,e,4)8=0,

Mmatpuia M (qot, F,e, /1): E(ﬂ)+ 0(|/1|)+ O(d), B(1)= B*(/'L)S , §(/1): (Bkj (l)):n_rl.

HpeL[HOJ'IO)KI/IM, YTO MOCHSAHUN CTOH6€H MaTpulbl E(/I) HUMECT BUJ

By (2)=ws (2)+o[|2° ).
rae Wg (/1)- BEKTOP-(OpMa MopsiiKa S OTHOCUTEIBHO A .

[Ipn BBEOCHHBIX MPEANOTIOKEHHAX CIPABEIINBA TEOPEMA.
Teopema [2]: ITycTs:

1) n<q, rangD(e*)z n;

2) p<I, rangG=p.

Torna cucrema (2) UMEET HEHYJICBOE | - MEPHOIUUYECKOE PEIICHHE.

Husa cuctemsr (1) rangD(e*)zl, rangG =1. Toraa coriacHO TeOpeMe CYIIECTBYET €IWHCTBECHHOE

3HAUEHHUE IapameTpa v=(ﬂ, 8) takoe, 4ro cucrtema (2) (a, cnemoBatenbHo, (1)) WMeeT HeHyneBoe 1 -

MIEpHOANIECKOE peIleHHe. TeM caMbIM HaWJEHBI YCIIOBHS, IPH KOTOPBIX MOTYYEHBI MEPUOJUICCKIE KOIEeOaHUs B
PasBUTHUH TIOJIMTHYECKOHW M 3KOHOMHYECKOM CHCTEM. OTO XOpOIIO COTJacyercs C MOJNUTHYECKOH |
HSKOHOMHUYECKHMH TEOpUsMH (LMKIBI peopM-KoHTppedopm,

skoHoMmueckue 1Kl H. Konapatbesa).

CnMcoK JTUuTepaTypsl

1. I'yu A.K., Kopooumun B.B. n 1p. Marematudeckne MOIETH CONMAIBHEIX cucTeM. OMck: OMCK. TocC.
yH-T. 2000. 256 c.

2. Tepexun M.T., BaeBa O.B. [lepmomudeckue pemieHHs HEIWHEHHOW HEABTOHOMHOH CHCTEMBI
muddepeHMaIbHEIX ypaBHeHuUH// N3Bectus BY3oB. Marematuka 2017, Ne5, c. 86-96.

CEKLIMS Ne3.
MATEMATHUYECKASI ®U3UKA (CHELUAJIBHOCTD 01.01.03)

CEKIIUA Ned.
I'EOMETPUA U TONIOJIOI'USA (CIIEHUAJIBHOCTD 01.01.04)

CEKLIMSI Nes.

TEOPUS BEPOSITHOCTE I MATEMATUYECKASI CTATUCTUKA
(CHELUAJILHOCTD 01.01.05)
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CEKIIUS Ne6.
MATEMATHUYECKAS JIOTUKA, AJITEBPA U TEOPUSA YNCEJI
(CIIEHUAJIBHOCTD 01.01.06)

TPEX3HAYHBIE JIOTUYECKUE MATPHLIBI C OJTHVM BbIJIEJIEHHBIM 3HAYEHWEM,
AJIEKBATHBIE [TAPAHEIIPOTMBOPEYMBBIM UMILIMKATUBHO-HET ATUBHbBIM
PEI'YJISIPHBIM JIOTUKAM C KJIACCUYECKON UMIUIMKALIMEN (YACTD I)*

Ilonos B. M.
MockoBCKUH TOCyJapCTBEHHBIN yHUBepcuTeT uMeHu M. B. JlomoHnocoBa, r. Mocksa
Y Pa6oma svinonnena npu nodoepacke PODHU, npoexm Ne 19-011-005364

IIpemmaraemasi ctaThst — mepBasi B IPEANIONaTaeMON CepHH padOT MO0 MOUCKY TPEX3HAYHBIX JIOTHUECKUX
MaTpUIl C OIHHM BBIACICHHBIM 3HAUYCHHEM, AaJCKBAaTHBIX TAaKUM MapaHETPOTHBOPEYMBHIM HWMILTHKATHBHO-
HETaTHBHBIM JIOTMKaM C KIACCMYECKOW UMIUIMKAIMeH, KaxJas W3 KOTOPHIX SBISETCS TOJAMHOXECTBOM
KJIacCHueckoi nmrumkatuBHo# joruku Clo_ Ilenb yka3aHHOTO MOMCKA COCTOMT B MOCTPOEHHH TOJHOTO MEPEYHs
nornueckux matpuil, umeronmx Bugi ({1, 1/2, 0},{1}, g, f) (rme g ects OunapHnasi omepanus, a f ects yHapHas
omepanus), Kaxaas U3 KOTOPHIX SIBIIETCS JOTHMYSCKONH MaTpHIleH, aZeKBaTHOW TaKOW HapaHETPOTHBOPECUYUBOU
MMIUTMKATUBHO-HETATUBHOW JIOTHKE C KIIACCHYECKOW WMIDIMKALNUEH, KOTopas SBIACTCS TOAMHOXKECTBOM
KJIACCHUYECKO# MMILIMKaTUBHO-HeraTuBHO# joruku Cl_

B nanHoit cratee ycranosneno: (l) ynopsmouennas uersepka ({1, 1/2, 0},{1}, Duo01) —(011) €CTb
JIoTHYecKasi MaTpuila YKa3aHHOTO BUA, aJleKBaTHAs apaHePOTUBOPEUMBOM UMILTHKATUBHO-HETaTUBHOM JIOTHKE C
KJIACCUYECKOW WMIUTMKanuend (cM. YyTBepkIaeHHe 9a), 3Ta WMIUIMKAaTUBHO-HETaTUBHAs JIOTUKA SIBIISIETCS
MOZIMHOYKECTBOM KJTACCHYCCKOM MMILTHKAaTHBHO-HeratuBHON noruku Cl-_ (yrBepxkmenue 6a); (1) ynopsimouernast
gerBepka ({1, 1/2, 0}{1}, Duo01y —(o121) €CTb IOTHYECKas MaTpHUl[da YKa3aHHOTO BHJA, aJeKBaTHAs
MapaHenpOTUBOPEUNBON UMILUIHKATHBHO-HETATUBHOM JIOTHKE C KJIACCUYECKOW UMILTHKaluei (cM. yTBepxkaeHue 9b),
9Ta WMIUIMKATUBHO-HETAaTHBHAS JIOTHKA SBISICTCS MOIMHOXKECTBOM KJIACCHYECKON HMMILUTHKATUBHO-HETaTHBHOM
noruku Cl__ (yrBepxkenue 6b).

31€eCh NONTyYEH TAKXKE CACAYIOMMI PE3yNbTaT: HU JUIL KaKOW OTIMYHON OT —g11) U OTIMYHOM OT —g1/2,1)
ynapuoii omepammn T ({1, 1/2, 0}{1}, D@oo1), f) He ecrb norudeckas MaTpuua, KOTOpas aneKBaTHa
MapaHeNPOTUBPEUNBON  HMMIUTUKATUBHO-HETATUBHOM JIOTHKE, SIBISFOIICHCS TMOAMHOMXECTBOM  KJIACCHUYECKOM
HUMILIMKaTUBHO-HEraTuBHOM joruku Cl_ .

ByneM mcnonp30BaTh CTaHIAPTHO OINPENCIIEMBIN MPOTO3UITHOHANBHBIN 361K L . AndaBut s3pika Lo
€CTh MHOXKeECTBO {D, —, ), (, P1, P2+ P3, ...} CUMBOJIOB. 3/1eCh D eCTh OMHApHAS JIOrHYecKas CBsi3Ka si3bika L, —
€CTh YHapHasl JIoTudeckas CBsa3Ka s3bika L__ , ) u ( ABISAIOTCS TEXHUIECKUMU CUMBOJIaMU si3bIKa L, P1, P2, Ps3, ---
SIBIISIFOTCSI MTPOIO3UIIMOHATBHBIME TIepeMeHHBIMH s13biKa L_ . Onpenenenue L__-popmyiibl 00bIYHO.

Omnpenenenne 1. HaspiBaem L_-norukoii muoxkectBo L -hopmyi, 3aMKkHyTOE€ OTHOCHTENHHO mpaBuia Modus
ponens B L__ 1 OTHOCUTEIHHO MPaBHJIa POTIO3UIIMOHATBHON TTOJICTAHOBKU B L.

Omnpenenenne 2. HasviBaem L__-nmorumkoit MuoxkectBo L__-(opmysn, 3aMKHYTOE OTHOCHTENBHO MpaBuiia modus
ponens B L__ 1 3aMKHYyTO€ OTHOCHTEJIBHO MPaBHJIa MPOMO3UIIHOHATHHOMN MOICTAHOBKU B L .

Omnpenenenne 3. Ha3piBaem Teopueii L_-moruku L MHOXecTBO L-,_-popmyr, BKitodaromiee Toruky L u 3amkHyTOEC
OTHOCHTENILHO TpaBuiza modus ponens B L.

Omnpenenenne 4. HazpiBaeM npoTuBOpeunBoii Teopuerd L -moruku L takyro teopuro T L__ -moruku L , uro mis
HekoTopoit L,_-dpopmynsr A Bepro: AeT u (—A)eT.

Omnpenenenne 5. HazpiBaeM mapaHenpoTHBOpeunBoil Teopueil L _-moruku L Takyro mpOTHBOPEUNBYIO TEOpUIO T
L__-noruku L , uto T He siBiseTcst MHOKeCTBOM Beex Lo -popmys.
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Omnpenenenne 6. HaspiBaem mnapanenportuBopeunBod L -nmormkoit Ttakyro L _-moruky L, uto cymectByer
napaHenpotuBopeunBas treopus L -norukm L.
Cornamenne 1. O6o3Ha9aeM uepe3 D¢ OnHapHyI0 onepanuio Ha {0, 1}, onpenensemyto cienyromei Tabmuei

Ocl 1 0

| | 1
1 1 0
0 1 1

—cl 1 0

Cornamenue 3. O6o3nauaem yepe3 M(CIl._) moruyeckyro marpuity ({1, 1/2, 0},{1}, >ci, —ci )-

Crenys Tpaauuuy, 1aeM cieayloliee onpeaeieHue 7.

Ompenenerne 7. HaspiBaem MHOkecTBO Bcex Lo -dopmyn, ob6miesnaunmbix B M(Cl.) kiaccuueckoit
HUMILTMKATHBHO-HETATUBHOM JIOrUKOM B si3bike L .

Cornamenue 4. Obo3nauaem yepe3 Cl__ kiaccuyeckyro UMILTMKATHBHO-HETATUBHYIO JIOTHKY B si3bIke L, .
3aMeTHM, YTO MPUHATO HA3bIBAThH PEryJsipHOM L__-morukoii L_-moruky, Bkiaroyaronrytocs B Cl_.

Cornamenne 5. O6o3HayaeM depe3 Dy 0,1) OMHApHYIO omeparmio Ha {1, 1/2, 0}, ompenensemyro clemyromen
TabHIeH

3(110'011) 1 1/2 0
| | | 1
1 1 1 0
1/2 1 1 0
0 1 1 1

Cornamrerne 6. O603Ha49aeM Yepe3 —xy.z), TAE X, Y U Z IPUHAIERKAT MHOXKECTBY {1, 1/2, 0}, yHapHYyI0 omepamuio S

Ha {1, 1/2, 0}, oTpeieNIIEMYIO I (132011 (571 TabnuIen
—(xy.2) 1 1/2 0
T T T 1
X y z

Cornamenue 7a. O6o3nagaem uepes M noruueckyro matpuny ({1, 1/2, 0},{1}, D1.00,1) —0,1,2))-

Cornamenne 7b. O6o3nauaem uepe3 N normueckyro matpuny ({1, 1/2, 0},{1}, D(1.001) —(0.1/2.2))-

Ompenenenne 8. HaszpiBaem L__-matpuueii nornueckyro matpuny Buja (U, R, g, f), rne g ects Gunapnas u f ectp
yHapHasi OTepaIyu.

3ameuanue 0. Jloruueckue marpuisl M(Cl__), M, u N sBistrorest L_ -matpuiiamu.

3ameuanue 1. Besikas Lo -Marpuma sBiisseTcst JOTHUEeCKOW MaTpuied s3bika L. ; B yacTHOCTH, L__ -MaTpuIibl
M(CI__), M, u N sIBAsIfOTCS IOTHYE€CKUMU MATPHUIIaMU si3bika L .

XOpo1110 U3BECTHO, YTO CIPABEAJIUBO CIEAYIOIIee yTBepKaeHue 1.
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VrBepxknenue 1. s BCSKOro NPONO3MIMOHANBHOTO si3blka L M Besikoi sormueckoit marpuusl K artoro
TIPOITO3UITHOHAIILHOTO SI3BIKA BEPHO, YTO MHOXKECTBO BceX L-hopmyr, obme3HadnmMbIXx B K 3aMKHYTO OTHOCHTEIBHO
IpaBmJIa IPONO3UIMOHATIBHON MOJCTAHOBKY B L.
Ommpasch Ha COTNAIICHWE 78, Ha 3aMedaHde | W Ha yTBepxkIeHHe 1, ybexxmaeMmcs, YTO BEpHBI CIEIYIOIIHE
yTBepsKacHus 2a U 2b.
VYrBepxknenne 2a. MuHoxectBo Bcex L -hopmyn, oOmiesHaumMmbIx B M, 3aMKHYTO OTHOCHTENBHO IMpaBHIIa
HPONO3ULIUOHATEHOM HOACTAaHOBKH B L.
Vrieepxaenue 2b. MuoxkectBo Bcex L. -hopmyn, oOmesHaunmbix B N, 3aMKHYTO OTHOCHTENBHO MpaBHJIa
MIPOTIO3UIIMOHAIBLHOM MOACTAaHOBKH B L.
VYrBepxnenue 3a. g Beskoit L. _-dbopmymst A m ans Beskoit Lo -dopmynsr B: ecom A ects Lo -dopmyna,
obmesnaunmas B M, u (A>B) ects L_-popmymna, odmesnaunmas B M, o B ects L-_-dhopmyna, obuiesHaunmas B
M.
Jloka3aTensCTBO YTBEpIKACHHUS 38 peaBapsieM CorjalieHleM 8.
Cornamenne 8. 3Hayenue L -dpopmynsl A mpu ouenke V s3bika L B nmormueckod matpuue K s3bika Lo
oGo3uauaem uepes |AX.
JlokaxxeM yTBepKIeHHE 3a METOIOM OT MPOTHBHOTO.
(1) Heepno yTBepkaeHue 3a (nonyuieHue).
Omnupasich Ha 3TO YTBEPXKACHUE M Ha CTaHIapTHOE ompezencHue L -popmyisl, obmesnaunmoir B M, a Taxke Ha
corfaiieHus 7a u 8, moixydaeM, 4To
(2) cymectByer Takast L., _-dpopmyna A u cymectByer Takas L -¢opmyna B, uto BepHo crnepyromee: s BCIKOi
OLIEHKH V si3bIKa L B M |A|MV = 1, 11 BCAKOM OLEHKH V sa3blka Lo_ B M |(ADB)|MV = 1, 11 HEKOTOPOU OLICHKH V
s3pka Lo_ B M |B|MV¢ 1.
Ilycts (3) Ag ects L _-dpopmyina, By ectb L__-dopmyna, s Beskoil omeHkd V si3bika Lo B M |AO|MV =1, nns
BCsKOH onenKH V si3bika Lo B M |(Ag>Bo)|™y = 1, wis Hekortopoit onerkn V sseika Lo B M |Bg|™, # 1.
(4) Ag ectb L, _-dopmyna (u3 (3)).
(5) By ectb L_-dpopmymna (u3 (3)).
(6) Jins Besikoit onenku V sbika Lo 8 M |AgM, =1 (u3 (3)).
(7) st Besikoit onenku V sbika Lo B8 M |(AgoBo)|, = 1 (13 (3)).
(8) Just HekoTopoit onerkH V si3bika Lo B M |Bo|™, # 1 (13 (3)).
Iycts (9) Vo ecth orenka si3bika L B M [Bo[Myo # 1.
(10) vg ects onenka s3pika Lo B M (u3 (9)).
(12) 1Bl # 1 (u3 (9)).
Crenyromee yrBepxaenue (12) ierko 1okasate HHIYKIHEH 10 MOCTpoeHUo L., _-hopmysl.
(12) inst Besikoit L,_~dpopmystst A u st Besikoit onerku V ssbika Lo 8 M |AM, e{1, 1/2, 0}.
(13) IBo"0 € {112, 0} (u3 (3), (10) m (11)).
(14) [Bol"yo =1/2 mmm [Bo\0 =0 (u3 (13)).
(15) |Ad"\0=1 (3 (6) u (10)).
(16) |(AoBo)["vo=1 (u3 (7) 1 (10)).
Omnmpasice Ha yrBepkaeHus (4), (5), (10) u Ha cranmapTHOE OmpeneNneHue 3HadeHus L -popmynbl mpu 3agaHHOM
oreHke s3bika L B M, momydaem, uto
(17) 1(A=Bo)[Mvo =(1Ad™v0 D00.1) Bolv0) -
(18) |Bo|™\0 =0 (nomymenue).
(19) (Ao™vo D001 Bo"v0)=(1 D001 0) (w3 (15) 1 (18)).
Hcnonw3ys cornamieHue 5, moayvyaem, 4to
(20) (1 (1,001 0) = 0.
(21) |(Ag=Bo)Mo= 0 (113 (17), (19) u (20)).
(22) [(A=Bo)[Mio# 1 (3 (21)).
VYrBepxknenue (22) npotuBopeurT yrBepxkaAeHuIo (16). CnenoBarensHO, HeBepHO fomymieHue (18).
Ho Torza (23) |Bo/Mvw# 0.
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(24) Bo|\o= 1/2 (u3 (14) u (23)).
Jlerko mokas3arth, 94TO
(25) nmna Beskxo#t L -popmymsr A ® s BcAKOH oOmeHKH V s3bIka Lo ecom |A|MV = 1/2, o A ectp
MIPOTIO3ULIMOHANIbHAS TIEpeMeHHast s13bIKka L .
(26) By ectb npomo3uipoHaibHast nepemMenHas si3pika L (u3 (5), (10), (24) u (25)).
SlcHo, uto (27) mis HeKOTOpO#t orteHKH V s3bika L B M V(Bg)=0.
IMycts (28) W ecTh orenka s3bika L 8 M, w(Bg)=0.
(29) w ectp onenka s3pika Lo B M (u3 (28)).
(30) W(Bo)=0 (u3 (28)).
(31) |A0|WM: 1 (u3 (5), (29) u (30), no onpenenenuto 3HaueHus L-_-popMynsl mpu 3a7aHHON OLeHKe s3bIka L B
M).
(32) [Aok'= 1 (u3 (6) 1 (19)).
(33) |Ag > BoluM=1 (u3 (7) 1 (29)).
(34) |(AcoBo)Myw =(AoMw D(1,001) IBol™) (13 (4), (5), (29), mo ompenenenmio 3mauerns L -GopMmyisl mpn
3aJ[aHHOH o1leHKe si3bika L B M).
(35) (Ao (00,1 Bo*w)=(1 S0y 0) (3 (31) 1 (32)).
Hcnone3ys cornamenue 5, noiny4aem, 4yTo
(36) (1 o001y 0)=0.
(37) |Ao > BolwM'= 0 (3 (34), (35) u (36)).
(38) [(Ag>Bo)["w# 1 (u3 (37)).
VYrBepxaenue (38) nporuBopeunt yreepxkaeHuto (33). CrenoBarensHo, HeBepHO Aomymierne (1). Ho Torma BepHO
yTIBEpKIeHHE 3a.
VY1BepxaeHue 3a J0Ka3aHo.

Vreepxaenne 3b. Jlns Beskoit L -popmynsr A u st Besikoit Lo -dopmyner B: eciu A ects L -bopmyina,
obmesnaunmas B N, u (A>B) ectp L. -hopmyna, obmesnaunmas B N, To B ectp L-_-popmyna, obmie3Haunmas B
N.

JokaxeM yTBepkIeHHE 3D METOJIOM OT MPOTHBHOTO.
(1) HeBepHro ytBepxaenue 3b (nonymenue).
Omupasich Ha 3TO YTBEPXKICHUE W Ha CTaHOapTHOe ompexaencHue L -popmynsl, obmesHaunmoii B N, a Takxke Ha
cornamenus 7b u 8, mony4aem, 4ro
(2) cymectByer Takast L _-popmyna A u cymectByer Takas Lo -popmyna B, 4ro BepHO cnemyromiee: Ui BCSIKOU
onenkn V s3pika Lo B N JA[N, = 1, ans Besikoit onenkn V s3bika Lo B N |(ASB)|N, = 1, 115t HeKoTOpOit OLeHKH V
seika Lo_ B N B, # 1.
Iycts (3) A ects Lo_-popmyna, By ects L_-dopmyra, st Besikoit orenkn V s3bika Lo B N Ao, = 1, s
BCSIKOM onieHKH V si3bika Lo B N |(AODBO)|NV= 1, i1t HEKOTOPOI otteHku V s13pika L B N |BO|N\,¢ 1.
(4) Ag ectb L__-dopmyna (u3 (3)).
(5) Bp ectb L,_-popmymna (u3 (3)).
(6) Junst Besikoit onerku V sizbika Lo B N AN, =1 (13 (3)).
(7) Junst Besikoit onerku V s3bika Lo B N [(AgoBo)|Y, = 1 (u3 (3)).
(8) Jlnst Hexotopoit onenku V s3bika Lo B N [Bg|N, # 1 (u3 (3)).
Iycts (9) Vo ecth onenka sspika L B N [Bo|Y\o# 1.
(10) vq ecth omerka sizsika L B N (u3 (9)).
(12) [Bol"vo # 1 (u3 (9)).
Crnenyromiee yrepxkaeHue (12) erko 1okazath HHAYKIUEH 10 MOCTPOCHUIO L -PopMybL.
(12) Jns Besikoii Lo_-popmyitst A u s Besikoit onenkn v szbika Lo B N AN, {1, 1/2, 0}.
(13) [Bo[*vo €{1/2, 0} (u3 (5), (10) m (11)).
(14) [Bolvo=1/2 mmm [BoM0=0 (u3 (13)).
(15) |Aalo=1 (u3 (6) 1 (10)),
(16) [(Ag2Bo)[Nvo= 1 (u3 (7) u (10)).
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Ommpasice Ha yrBepxaenus (4), (5), (10) u Ha cranaapTHOe onpeaeneHue 3HadeHus L-_-dopmyrnsl npu 3amanHoi
oreHke s3bika Lo B N, momydaem, uto

(17) [(A=Bo)[vo =(1Ad™vo D1.00,1) 1Bolvo) -

(18) |BoNvo =0 (momymenne).

(19) (Ao 2(1.00.0) 1Bl v0)=(1 D100, 0) (3 (15) 1 (18)).

(20) (1 >(1,0,0.1) 0) = 0 (1m0 cornamenuo 5).

(21) [(Ae=Bo)M0= 0 (u3 (17), (19) 1 (20)).

(22) |(A>Bo) Mo # 1 (u3 (21)).

YrBepxnenue (22) nporuBopeunt yrBepxaeHuro (16). CienosarensHo, HeBepHO Aomymienue (18).

Ho torma (23) |Bo|Nvo# 0.

(24) Bo|Mvo=1/2 (3 (14) u (23)).

Wnapykiueir mo moctpoernto L -hopmynsl MOXHO ToKa3aTh, 4To (25) mns Beskod Lo -popmymsr A: ecrmu
JIOTHYecKast CBSI3Ka O BXOXHT B A, To s Besikoit onerkn V sisbika Lo B N |A|Y, €{0, 1}.

(26) CymecTByer Takas onenka V s3bika Lo_ B N, uro | Bo/N,=1/2 (u3 (10) u (24)).

(27) CymiectByert Takas oreHka V si3bika L._ B N, 9T0 | BO|NV ¢ {0, 1} (u3 (20)).

(28) Jlornueckas cBsi3ka D He BXxoauT B By (u3 (5), (25) u (27)).
Wupykmueir mo moctpoernto L -hopmynasl MOXHO moka3aTh, uTo (29) mns Beskod L. -popmymsr A: ecrmu
JIOTHYECKas CBA3KA D HE BXOAUT B A, TO CyIECTBYeT Takas oueHka V s3bika Lo B N, uro |A|Y, =1, u cymecrByer
Takast oueHka V si3bika Lo_ B N, uro AN, =0.
(30) CymectByeT Takas oreHka V si3pika L B N, grto |BO|NV=1, 1 CYIIECTBYET Takas oueHka V sa3eika Lo B N, uto
B[y =0 (u3 (5), (28) u (29)).
(31) CymectByer Takas omeHka V s3b1ka L B N, aTo |BO|NV =0 (u3 (30)).
Iycts (32) W ecTb onenka s3bika L B N, uro |Bg|",, =0.
(33) w ectp orenka s3pika Lo B N (u3 (32)).
(34) B[ =0 (3 (32)).
(35) |Al"w=1 (u3 (6) u (35)).
(36) [(Ag2Bo)["w= 1 (u3 (7) 1 (35)).
(37)  [(A>Bo)Mw =(|ANw D(1,0,0.1) IBol™w) (13 (4), (5), (33), mo ompenenennio 3uadenns L__-hopmyist npu
3a7aHHOM oneHke si3bika L B N).
(38) (1Al w2001) 1Bol"w)=(1 D100, 0) (13 (34) 1 (35)).
(39) (1 20,001 0) = 0 (1m0 cornmamenmio 5).
(40) [(Ag=Bo)"w= 0 (3 (37), (38) 1 (39)).
(41) [(AoBo) M # 1 (u3 (40)).
YrBepxaenue (41) nporuBopeunt yreepxkaeHuto (36). CirenoBarensHo, HeBepHO nomymierne (1). Ho Torma BepHO
yrBepxkaeHue 3b.
Vreepxaenue 3b mokazamo.
W3 yrBepxaeHuil 2 1 3a mosryyaeM, UCIIONIb3Ys ONpeeicHre 1, 4TO BEPHO CICAYIOIIee YTBEpKICHHE 4a.
YrBepxaeHue 4a. MHOxecTBO Bcex L__-hopmyi, obmiesnaunmbix B M, ects L__-noruka.
U3 yrBeprxaenwuii 2 u 3b mony4aem, ucronb3ys onpeneneHue 1, 4To BEpHO clienyroliee yrBepxkacHue 4b.
VYrBepxkaenue 40. MuoxectBo Bcex L__-popmyi, obimesHaunmMbix B N, ects L__-oruka.
Cornamenune 9a. O6o3Hayaem yepe3 Log(M) muoxectBo Beex L-,_-dpopmyn, obuiesHaunmbix B M.
Cornamenune 9b. O6o3Hauaem uepes Log(N) mHOkecTBO Beex L_-popmyi, obme3sHauumMeix B N.
Takum 00pa3oMm, BepHBI yTBepKAeHHS 5a U Sh.
Vreepxaenue 5a. Log(M) ects L__-noruka.
Vreepxaenue 5b. Log(N) ects L__-nmoruxa.
Hcnonb3yst MeTO MHIyKIUH 110 TOCTpoeHuIo L-,_-popmyiisl, MOXHO J0Ka3ats ciuenytomyio JEMMY.
JIEMMA. Jlnst Besikoit Lo_-opmymst A n s Besikoid onenxu V osspika Lo B M(Clo_): JAMC=Y, = |AN, u
AMEED, =AM,
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Vreepxaenue 6a. Log(M) < Cl__.
Vreepxxaenue 6b. Log(N) < Cl__.
VrBepkaeHus 6a u 6b Jerko 10Ka3aTh METOIOM OT TIPOTUBHOTO, onupasch Ha IEMMY.
Omnpenenenue 9. HaspiBaeM L__-MOTHKOW ¢ KITACCHUYECKOW MMILIMKanued Takyw L__-moruky L, 4To s BCSKOWM
Lo_-popmynsr A, B KOTOpYIO HE BXOIHWT CHMBOJN —, BEpHO ciexytomee: A€l Torma m Tompko Torma, korma Ae
Cl__.
VYrBepxkaenue 7a. Log(M) siBiseTcs L,_-TOruKoii ¢ Ki1aCCH4eCKON UMILTUKAIIHEH.
Jlinst moKasaTenbCTBa yTBepXkacHus 7a morpebyercs ucumcinenne HCI rums6eproBckoro tuma. 3wk L., atoro
HCYHNCIICHUSI €CTh CTAaHAAPTHO OIPEASISIEMbI IPOMO3UIMOHATIBHBIHN SI3bIK, aln(aBUT KOTOPOTo ecTh {D, ), (, P1, P2,
P3 , ...} CHMBOJOB. 31eCh D €CThb OMHapHas JIOTHYeCKas cBs3Ka si3blka L , ) ¥ ( SBIAIOTCS TEXHUYECKUMHU
CHUMBOJIAMH sI3bIKa L, P1, P2, P3, ... ABIAIOTCA MPONO3UINOHANEHEIMA IEPEMEHHBIMA s3bIKa L . Onpenenenne L,
-hopmysbl 06brgHO. Akcnomamu ucuucieHus HCL sBistrorcss Bce Te W Tonmbko Te Lo -popMmyisl, Kaxmas w3
KOTOPBIX UMEET XOTs ObI OJIMH U3 CIeAYIIUX TpeX BuaoB (3aeck A, B u C — L_ -dhopmysbn):
(1) (Ao(BoAY)), (2) (Ao (BoC)) o ((AoB) o (ADC))), (3) (((AoB) oA) oA).
IlpaBmmo modus ponens B L. ects eaumHcTBeHHOE mpaBmio BeBoga wucuucieHus HCl,. Omnpenencuue
nokasatenbcTBa B HCl 00bIaHO 1715 McUMCneH i Tib0epTOBCKOTO THIIA.
Xopormo usBectHa crneayiomas TEOPEMA, koTopyro MOKHO JJ0Ka3aTh, Onupasich Ha padoThl [1] u [2].
TEOPEMA. s Besikoit Lo -popmynsr A: Ae Cl_ Toraa u TOIBKO TOT/a, KOTJa CYIIECTBYET J0KAa3aTeIbCTBO B
HCI, L. -popmynsr A.
VuuteiBasg, 4ro Beskas Lo -popmyna ects L. -dopmynel, U ucnonb3ys TaOMULy UL D(100.1), CTaHAAPTHOE
ompenenenue 3HaueHus L -popmynel B M npu 3amanHol onenke si3bika L. B M, a Takke craHaapTHOE
onpenenenue L-_ -popmynsl, obrie3HaunmMoii B M, yoesxaaeMcst B TOM, YTO BEPHO CIIAyIOIIee yTBepxkacHue 7a.1.
VYrBepxnenue 7a.1. Besikast akcroma ucuncnenus HCL seasiercst L, -popmyrnoit, obuie3naunmoii B M.
Hcmone3ys MeTo/1 BO3BPAaTHOW MHIYKIMHU MO JuthHe gokaszaTtensctBa B HCL u omupasich Ha yTBeprkacHue 38 U Ha
yTBepKIcHHE 7a.1, IPUXOJUM K BBIBOY, YTO BEPHO CICAYIOIEe YTBEpKICHHE 7a.2.
VYrBepxkaenue 7a.2. J{ns Beskoi Lo -popmyinel A: ecim cyriecTByer fgokasarensctBo B HCLL Lo -popmyisr A, o A
ectb L. -hopmyna, obmesnaunmas B8 M.
U3 yrBepxnenns 7a.2 u TEOPEMUBI BriTekaeT cnenyromee yTrBepkaeHue 7a.3.
VYreepxnenue 7a.3. st Besikoit L -hopmyist A: eciiu Ae Cl__, To A ectb L.,_-hopmyna, obie3Haunmast B M.
B cBete yrBepkaeHud 7a.3 1 cornamenus 9a AcHO, 4TO BEPHO clenyoliee yTBepxkacHue 7a.4.
VYrBepxnenue 7a.4. nst Besikoit L -hopmyiet A: eciiu Ae Cl__, to Ae Log(M).
Omupasich Ha yTBepXkIeHHe 6a, oJTyYaeM, YTO BEPHO Clieyoliee yTBepkiaeHue 7a.5.
Vreepxaenue 7a.5. st Beskoit Lo -dpopmyinst A: eciu Ae Log(M), o Ae Cl__, .
W3 yrBepxaeHuit 7a.4 u 7a.5 BhITEKAeT ClieAyIoOlIee yTBepxKaeHue 7a.6.
VYrBepxknenue 7a.6. s Besikoi L -hopmynsr A: Ae Log(M) torma u Toneko Toraa, korma Ae Cl_ .
SlcHo, 4TO BEpHO cieayrollee yTBepkaeHue 7a.7.
YrBepxknenue 7a.7. Jus Beskoit Lo -dpopmymer Al A ecth L -dpopMmyna Torma m TONBKO TOTHa, Koraa B A He
BXO/IUT CUMBOJI —.
Onwupasick Ha yTBepxKAeHUsA 53, 7a.6, 7a.7 ¥ HUCHONB3ys ompeaeiacHue 9, MPUXOAMM K BBIBOLY, YTO BEPHO
YTBEPKACHUE 7a.

YTBepxkaeHue 7a A0Ka3aHo.
VYreepxnenue 7b. Log(N) sinsieTcst L_,_-JIOTHKO# ¢ KJIAaCCHYECKON UMILTUKAIIUEH.
Jloka3aTensCTBO yTBepsKaeHUs 7D, aHasorHyHOEe MAHHOMY BBINIC OKA3aTEIbCTBY YTBEPIKACHHS 78, 31eCh He
MIPUBOJIHM.
Vreepxaenue 8a. Log(M) ectp mapanenpoTrBopeunBas L-,_-1oruka.

JokaxeM yTBepxaeHne 8a.
OueBHIHO, YTO CYIIECTBYET EAMHCTBEHHAs oreHka V si3bika L B M, ymosnerBopstomas ycnosusm (i) u (ii):
V(p1)=1/2, (ii) amst BCSAKOM MPOMO3UIIMOHATIBHON TTepeMenHo# ( si3bika L, otnuuHoit ot Py, V(Q)=0. O603Hauaem
9Ty omeHKy si3pika L B M wuepe3 V. SIcHO, 4TO cymiecTByeT eIMHCTBEHHOE MHOXecTBO Bcex L -dopmym,
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3HAUEHHME KaXJIOW M3 KOTOphIX npu V B M npunaanexxut Mmuoxecty {1, 1/2}. O603HauaeM 3TO MHOXKECTBO 4epe3
(M, v). nerko pokasats, uto (*) (M, V) ectb Teopust L__-noruxu Log(M), a py, (—p1) u P, sBistoTcs Takumu L__-
dopmynamu, uto p; € (M, V), (=p1) € (M, V) 1 poZ(M, v).
Omnupasice Ha yTBepxkaeHuE (*) U UCIOIB3Ys OTNPENeIICHUs 5 1 6, IeiaeM BBIBOJI, YTO BEPHO YTBEPKAEHHE da.
YTBepxneHue 8a JoKa3aHo.
AHAJIOTHYHO TOKA3BIBAETCS CIeAyIolIee yTepkaeHue 8b.
Vreepxaenue 8b. Log(N) ects mapanenporusopednBas L__-moruxa.
Omnpenenenue 10. HaseiBaem K normueckoit marpuueii, agekBatuoit L__-nmoruke L, ecnu K ectb L _-marpuma, L
ectb L__-moruka u MHOXecTBO BeexX L -opmy, obme3snaunmbix B L,_-matpurne K, pasho L.
VrBepxaeHue 9a. Ynopsnodennas gersepka ({1, 1/2, 0},{1}, D(1.00,1), —(0,1,1)) €CTh JTormdeckas Marpuna Buzaa ({1,
12, 0}{1}, 9, f (rme g ecrs Ounapmas omepamus, a f ecTb yHapHas omnepanus), aJcKBaTHasA
MapaHenpOTUBOPEUHBOI L,_-JIOTHKE C KJIACCUUECKON HMILTHKAIIUEH.
Hokaxem yTBepxxacane 9a.
OueBunno, uro (1) ymopsnmouennas uerBepka ({1, 1/2, 0}{1}, Duo01) —(a11) €CTb JIOTHYECKas MaTpHIIA,
umetromas Bup ({1, 1/2, 0},{1}, g, f), rae g ects Ounaphast onepanus, a f ects yHapHas oneparmsi.
Onwupasich Ha 3amedanue 0, Ha coriamenue 9a, Ha yTBepKAeHHe 5a u Ha onpeaenenue 10, momyyaem, 4To
(2) M ectp noruueckas marpuiia, anekBarhas L__-moruke Log(M).
(3) M =({{1, 1/2, 0},{1}, >@.001), —(0,1,1)) (110 cornamenuto 7a).
(4) {1, 172, 0} {1}, o@.001) —0,1,1)) €cTh Lo _-Matpmiia, aneksaTHas Lo_-moruxe Log(M) (u3 (2) u (3)).
Omnwmpasice Ha yTBepkIeHu (4), 7a u 8a, moxydaem, 9To
(5) ({1, 172, 0}{1}, D001y —11) €cTb L -MaTpuIa, ageKBaTHas IapaHENPOTHBOPEUMBOH L _-Jormke c
KJTACCUYECKOM MMILTHKAIIUCH.
Omnmupasice Ha yrBepxaeHus (1) u (5), Aenaem BbIBOI O TOM, YTO BEPHO yTBEpXkIeHUE 9a.
Yr1BepxkneHnue 9a nokazaHo.
AHAJIOrMYHO [TOKa3bIBaeTCs (C HCMONb30BaHWEM coriamienus 9b, yrsepxaenuit 5b, 7b, 8b u cormamenus 7b,
BMECTO corJaiieHust 9a, yrBepkaeHuii 5a, 7a, 8a u cormanieHus 78 COOTBETCTBEHHO) ClieyIolee yTBepxkaeHue 9b.
VYrBepikaenne 9b. Ynopsanouennas gersepka ({1, 1/2, 0}.{1}, D.001), —(0,1/2,1))€CTb Jormueckas Matpuia uaa ({1,
1/2, 0}{1}, 9, f) (rme Qg ecrp OunapHas omepamus, a T ecrp yHapHas omnepanusi), ajeKBaTHas
MapaHenpOTUBOPEUNBOH L, -TOTHKE ¢ KJIaCCHUECKON UMILTUKAIIUEH.
Jlerko ybenutbes, 4TO BEpHHI cienyromie yreepxxaenns 10 — 15.
Vreepakaenue 10. Jlns Besikoro Y u3 {1, 1/2, 0} u qus Besixoro z u3 {1, 1/2, 0} ({1, 1/2, 0},{1}, D,0,0.1): —(1y,2)) €CTH
Takasl JJoruueckast Marpuia, uto (— (P1op1)) ectb L -bopmyna, obiie3naunmas B 3TOM JOTHUECKON MaTpHIlE, HO
ne obmesnaunmas B M(CL__).
Vreepakaenue 11. ns Besikoro Y u3 {1, 1/2, 0} u s Besixoro Z m3 {1, 1/2, 0} ({1, 1/2, 0},{1}, D@001), —@2y2)
€CTh TakKas jioruueckas marpuua, 4o ((P1> (= (P1op1))) 2 (= (P1op1))) ectb L -dopmyia, obuiesnaunmas B 3Toi
JIOTMYECKOW Matpuiie, HO He obrie3Haunmas 8 M(Cl__).
Vreepaxaenue 12. ({1, 1/2, 0},{1}, Du.0.0.1), —(0,1,1/2)) €CTh Takas jorudeckas Marpuia, 4ro (P12 (— (= (= (p1))))ects
L__-dopmyrna, obiie3HaunMast B 3TOMH JIOTHUECKO MaTpuile, HO He obmiesHaunmas 8 M(CL__).
Vreepiknenne 13. ({1, 1/2, 0},{1}, D1001) —(0,10) €CTh Takas JOTHIeCcKas MaTpuna, 4ro ((—P1)> P1) ecth L _-
(dopmyia, o0le3HaYnMast B 3TOU JIOTMYECKOM MaTpulle, HO He obOnie3naunmas 8 M(CL__).
Vreepxaenne 14. ({1, 1/2, 0},{1}, D(1.0,0.1), —(0,12,1/2)) €CTh TaKas Joruueckas MaTpuia, 4to (P12 P1) O(— (=Pa)))
ectb L_-dopmyna, oOiie3Haunmas B 3TOM JOTHYECKON MaTpHIe, HO He oOe3Haunmas B M(Cl-_).
Vreepiknenue 15. ({1, 1/2, 0} {1}, D.00,1) —(0.1/2,0)) €CTh TaKas Jorudeckas MaTpuua, 9ro ((— (= (P12 P1))) (=
(p1> p1))) ecthb L _-bopmyra, obiie3HaunMasi B 3TOM JIOTHYECKOM MaTpuile, HO He obmesHadnmas B M(CL__).
3ametus, uto ({1, 1/2, 0},{1}, D@,001), —(0,0,1)) ECTh JIOTHUECKAs MaTPHIla, B KOTOpoii obimesHaunma L,_-popmyna (
(—p1) 2( p1 D P2)), MOXKHO JOKA3aTh CieAyoLee yTBepkaeHue 16.
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Vreepikaenue 16. Ecim ({1, 1/2, 0},{1}, D001), —(0,0,1)) €CTh TaKas JOIMYECKas MAaTPULA, YTO MHOXKECTBO BCEX
L__-popmyi, oOLIe3HAYMMBIX B JTOM JIOTMUECKOW MAarpuile, ABaseTcs L__-JOTHKOM, TO BCsAKas MPOTHBOPEYHMBAS
Teopus 3Toi L-_-1moruku paBHa MHOKECTBY BeexX L -popmyr.

Vreepxaenne 17. ({1, 1/2, 0},{1}, D001 —(001/2) ©CTh TaKas JIOTMYeCKas MaTpPHIIA, MHOXECTBO BceX L -
(bopMmyi, 0OLIE3HAYNMBIX B KOTOPOM, HE 3aMKHYTO OTHOCHTENILHO NpaBuiia modus ponens B L.

Jloka3zarenbCTBO yTBepxkaeHus 17 Gasupyercs Ha ToM, uto L__-popmyisl (P1o p1) u (P12 P)> (= (= (P12 po))))
obme3Haunmel B jormdgeckoi Marpuue ({1, 1/2, 0}{1}, D001y —@012). @ Lo-bopmyna (= (= (P12 p1))) He
00IIe3HAYMMA B 3TOM JIOTHYECKON MaTpPHIIE.

Ommpasich Ha yrBepxkaeuust 10 — 17, memaem BBIBOI O TOM, UTO HU ISl KaKoi yHapHoit omepannu f wa {1, 1/2, 0},
OTIMYHOU OT —o0.1) H OT —1/21) ({1, 1/2, 0} {1}, D@001) T) He ecTh nOrUYeckas MaTpuia, KOTopas aJeKBaTHA
MapaHenpPOTUBOPEUMBON  MMILTMKATUBHO-HETATUBHON JIOTHKE, SBIAIOMIEHCS ITOJMHOMECTBOM  KJIAaCCHYECKOM
HMMILUIMKAaTUBHO-HeratuHom noruku Cl__.
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CEKILIMS Ne7.
BBIYUCJIUTEJIBHASI MATEMATHKA (CIELIMAJIBHOCTD 01.01.07)

CEKLIMSI Ne8.
JAUCKPETHASI MATEMATHKA 1 MATEMATHYECKASI KHBEPHETHKA
(CHELIUAJIBHOCTD 01.01.09)

MEXAHHUKA (CHEHUAJIBHOCTD 01.02.00)

CEKLIMST Ne9.
TEOPETHYECKASI MEXAHUKA (CHELIUAJIBHOCTD 01.02.01)

CEKIIUSI Ne10.
MEXAHHUKA JE®OPMHUPYEMOI'O TBEPJIOT'O TEJA
(CIELIUAJIBHOCTD 01.02.04)

CEKIIUA Nell.
MEXAHUKA KUIKOCTH, I'A3A U IIVTAZMBbI (CIIEHHUAJIBHOCTD 01.02.05)

CEKIIUAS Nel2.
TUHAMMKA, TIPOYHOCTH MAIIIWH, IPUEOPOB U ATIITAPATYPEI
(COHELUAJILHOCTD 01.02.06)
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CEKIUA Nel3.
BUOMEXAHUKA (CIIENUAJIBHOCTD 01.02.08)

ACTPOHOMUYS (CHEHHAJIBHOCTD 01.03.00)

CEKIUA Neld.
ACTPOMETPUSA N HEBECHAS MEXAHUKA (CHELHUAJIBHOCTD 01.03.01)

CEKLIUS Nel5.
ACTPO®M3UKA U 3BE3JIHASI ACTPOHOMUSI (CIELIUAJTBHOCTH 01.03.02)

CEKIIHS Nel6.
®U3UKA COJIHIA (CIIEHAAJIBLHOCTH 01.03.03)
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MJIAHETHBIE UCCJEJOBAHMUS (CIIELIUAJIBHOCTD 01.03.04)

OU3UKA (CHEIUMAJIBHOCTD 01.04.00)

CEKLIUS No18.
MPUBOPHI 1 METO/IbI DKCITEPUMEHTAJILHON ®U3NKHU
(CIELIUAJIBHOCTD 01.04.01)

CEKIIUA Nel9.
TEOPETHYECKASA ®U3UKA (CIIEUAJIBHOCTD 01.04.02)

CEKIIUA Ne20.
PAIMOPU3UKA (CIIEHUAJBHOCTD 01.04.03)

CEKIUA Ne21.
OUBNYECKASA DJIEKTPOHUKA (CIIEHUAJBHOCTD 01.04.04)

CEKLIMSI Ne22.
OITUKA (CHEIUAJBHOCTH 01.04.05)

CEKLMUS Ne23.
AKYCTHUKA (CIIEHUAJTBHOCTD 01.04.06)
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CEKIIUA Ne24.
OPU3NKA KOHAEHCHUPOBAHHOI'O COCTOAHUA(CHEIUAJIBHOCTD 01.04.07)

CEKLIUASI Ne25.
®U3UKA MJIA3ZMBI (CHELIUAJBLHOCTD 01.04.08)

CEKIUA Ne26.
®U3UKA HU3KUX TEMIIEPATYP (CIIEHUAJIBHOCTD 01.04.09)

CEKIIMS Ne27.
®U3UKA MOJYITPOBOIHUKOB (CIELUAJIBHOCTD 01.04.10)

CEKIIUA Ne28.
®U3UKA MATHUTHBIX AABJEHUA (CIEHUAJIBHOCTD 01.04.11)

CEKIIHS Ne29.
SJIEKTPO®U3UKA, DJIEKTPOGUINYECKHAE YCTAHOBKH
(CIEOUAJBHOCTB 01.04.13)

CEKLIMSI Ne30.
TEIIO®U3UKA U TEOPETHYECKAS TEILTOTEXHUKA
(CHELIUAJIBHOCTD 01.04.14)

CEKLIMSI Ne31.
®U3UKA Y TEXHOJIOTUSI HAHOCTPYKTYP,
ATOMHASI 1 MOJIEKYJISIPHASI ®U3UKA(CIIELIMAJIBHOCTD 01.04.15)

CEKIIHAS Ne32.
®U3UKA ATOMHOTO SIJIPA Y DJIEMEHTAPHBIX YACTHI]
(CIENUAJIBHOCTB 01.04.16)

CEKLIMSI Ne33.
XUMWYECKASI ®U3NKA, TOPEHUE 1 B3PBIB,®N3NKA DKCTPEMAJIBLHBIX
COCTOSIHMI BELIECTBA(CHELIUAJIBHOCTD 01.04.17)

CEKLMUS Ne34.
KPUCTAJIVIOTPA®USA, PUUKA KPUCTAJIVIOB(CIIEHUAJIBHOCTD 01.04.18)

CEKIUA Ne3s.

OU3UKA ITYUKOB 3APSAKEHHBIX HACTUIIUA YCKOPUTEJIBHASA TEXHUKA
(CIIEMAJIBHOCTD 01.04.20)
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CEKIIUA Ne36.
JIABEPHASA ®U3UKA (CIIENUAJBHOCTD 01.04.21)

CEKIIHAS Ne37.
®U3UKA BBICOKUX YHEPTUM (CIEMAJIBHOCTD 01.04.23)

XUMHNYECKHUE HAYKH (CIIEHUAJIBHOCTD 02.00.00)

CEKILIUSI Ne38.
HEOPIAHUYECKASI XUMUSI (CIELIMAJIBHOCTD 02.00.01)

CEKLIUSI Ne39.
AHAJIMTUYECKASI XUMMSI (CHELUAJIBLHOCTD 02.00.02)

CEKIIUA Neq0.
OPITAHUYECKASA XUMUA (CHEINIUAJBHOCTD 02.00.03)

CEKIIUA Ned1.
OUBNYECKASA XUMUA (CHEIIUAJBHOCTD 02.00.04)

CEKIIUA Neq2.
IJIEKTPOXUMMUS (CHEIUAJIBHOCTD 02.00.05)

BJISIHUE IT'YAHUJIMHA U ET'O ITPOM3BOJIHBIX HA ITOTOK TBEPJJODPA3HOH JTUDDY3UN
BOAOPOIA YEPE3 CTAJIBHYIO MEMBPAHY B KHUCJIbIX XJIOPU/IHBIX PACTBOPAX

Bbaabioun [.B., Kyapsasuesa H.M., CtanbHoBa A.A.
®I'bOY BO Tam0boBckwHii TOCYAapCTBeHHBINH YHUBepcuTeT uMeHu [.P. [lep:xaBuna, T. TamOoB

BBenenne

Koppo3us meTammnuecknx KOHCTPYKIIMOHHBIX MAaTEpHUaloB B NPHPOTHBIX U TEXHOJIOTMYECKHX Cperax
4acTO NPOTEKAET C BOAOPOHOI Jienosipu3alueii, KoTopas BO MHOTHX ClIy4asix JIIMHTHPYET CKOPOCTb Ipoliecca, B
nestoM. Kpome Toro, moBepXHOCTHAsST aicOPOIMs aTOMapHOTO BOJOPOa 00yciIoBiuBaeT ero audHy3uro B METa,
BEAYLIYIO K HABOJOPOKMBAHUIO U MTOSABJICHUIO BO[[OpOI[HOﬁ XPYIIKOCTH.

Bompocsl MuHUMH3anHW ancopOUM BoIOpona TBepmo (a3oif B OJHHX 3agadyaX U, HAIpPOTHUB,
CTHUMYJIIPOBAHHE €r0 aKKyMYJIHPOBAaHUS B IPYTHX — HE MOTYT OBITh PEUICHHI 0€3 JeTaTbHOTO H3YICHUS MEXaHH3Ma
mporiecca, MPUPOIBI €ro JHUMHUTHPYIOMEH CTaInH, KOHIEHTPAIMH ITOBEPXHOCTHOTO H,,. W pa3paboTku myTeit
yIIpaBJICHUS HMHU.

MHorre 0coOCHHOCTH, CBSI3aHHBIC C KATOAHBIM BBIJEJICHUEM BOJOPOJA, B TOM YHCIC H MEXaHHU3M
SIIEMEHTAPHBIX CTa NI, JOCTATOYHO MOAPOGHO 0OCy ) mamics B 0630pax [1; 10; 12-13].

OO0mIenpuHATO, YTO CIAEAYIOIIee 3a CTaluel pa3psia

H'on + € — H,, + solvent, (1)
rae solvent — mosntekyna pactBoputess, yaaneHue Hygs MOKET IPOTEKATH 110 peaknusiM ['elipoBcKoro
H" s + Hyge + € — H, + solvent @)
wim Tadens
Hape + Hape — Ha, (3)
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a ogHa w3 craguid (1) — (3), B 3aBHCHMMOCTH OT HIPHUPOIBI PACTBOPUTENS WIM COCTaBa JIIEKTPOJIMTA, YacTO
okaspiBaeTcs aumutupyromeid [1; 10; 12-13]. AmcopOupoBaHHBI aTOMapHBI BOAOPOJ KaK IMPOMEXKYTOUHBIH
npoaykr PBB wactrmuHO mpoHmKaeT B MeTainl. Bxian 3Toro mporecca M KOJIHYECTBO BOAOPOAA B TBEPHOH dase,
OYEBUIHO, 3aBUCST OT ITOBEPXHOCTHOW KOHIIeHTparnu H, ., a, Bo3MoxHO, 1 mexann3ma PBB [13].

OnnoBpemenHo PBB mMeer mmpokoe MpakTHYECKOE NPUMEHEHHE, B TOM YHCJIE JUIA IIOJyYCHUS
IEKTPOIUTHYECKOTO BOJOPOJA, OLEHKH TEPMOJHMHAMHYIECCKUX IapaMETPOB BEIIECTB, B YAaCTHOCTH, ONPEICICHUS
KOHCTaHT JUCCOLUALINH CIIA0BIX KHUCIIOT.

Crenyer monaraTb, YTO Ha TBEPJBIX METAUIMUECKHUX JIEKTPOJAX B 3aBUCHMOCTH OT YCJIOBHUH IMPOTEKAHUS
PBB, crenenn 4ucToTHl MeTajuia, Hau4yus B pactBope [IAB MoryT HaOmoaaThCst KHHETHYECKHUE 3aKOHOMEPHOCTH,
COOTBETCTBYIOIINE PpA3IMYHBIM MEXaHW3MaM W KHHETHYECKMM [apaMeTpaM IIpOIIeCCOB, a TaKXe CMeHa
JumuTupytouieil craguu PBB.

[IpuHOUNIAaIHHO BaXKHO BBLICHUTS, SBJIETCS MOM00HAsI CMEHA MPHPOIBI TUMHTHpYIomel ctannn PBB Ha
XKeJIe3e ONPEICICHHBIM YacTHBIM CIydaeM WIM OHAa HOCHT JOCTaTOYHO oOmmid xapakrep. IIpum 3TOoM Henb3s
HCKJIIOYUTh W TOTO, YTO KApTHHA MOXKET OBITh M Oonee ciokHOW. CyIIeCTBEHHBIM HHTEpeC, TaKHUM 00pa3zom,
MIPEACTABISIET BIMSIHNE IIPOM3BOAHBIX TYaHUIMHA Ha KWHETUKY M MexaHn3M PBB u HaBoopoxuBaHus.

NH

A

HoN NH,

B cepun pabot [2; 4-6; 8] moka3aHO, 4TO, MEHSS HPUPOAY CTHUMYISTOPOB HABOJOPOXHBAHUS, MOXKHO
yOpaBJIATh MNPUPOAOH 3aMemneHHOM craguu. Llenplo HacTosmed paOOThl SBHWJIOCH W3Y4YEHHE BIMSAHUA
M-H®BI' Ha KMHETHMKY M MEXaHU3M PEaKLMHU KaTOJHOTO BBIIEJICHUS BOAOPOJA HA JKeJe3€ B KUCIBIX XJIOPHUIHBIX
BOJIHBIX pacTBOpax M ero TeeprodasHyto nuddysuro yepes cTaabHyI0 MEMOpPaHy B TEX JKE YCIOBUSIX.

MeTtoanka 3KcnepuMeHTa

HccnenoBanusi NpOBEACHBI B BOAHBIX (OMAMCTHILIAT) CpeiaX ¢ KOMILIEKCHBIM JIEKTPOJIMTOM cocTaBa X M
HC1 + (1 — x) M LiCl. Takoit moaxo/ mo3BoisieT BBOAUTh B CHCTEMY MOBEPXHOCTHO-HEAKTUBHBIH KATHOH Li* npu
Cci = const u mocTosHHOW MOHHOI cuite, koraa a = f-C, rae f — ko3 puLeHT aKTHUBHOCTH, KOTOPBIH, B IIEPBOM
NPUOIMKEHUH, MOXKHO CUYHTaTh HEU3MEHHBIM. VICXOMHBIH pAacTBOPUTENb HACHIIIAIH XJIOPHUCTBIM BOJOPOJIOM,
noixydaembiM B3ammopeiictBueM NaCl c¢ pactBopom H,SO, u mnociexyromuM I0BEICHHEM 10 3aJaHHON
KHUCJIOTHOCTH. XJIOPUCTBIH JINTHHA KBANMU(UKAMH «X. 9.» TpeaBapuTensHo cymmmd npu 107 = 5 °C u 3atem
pacTBOpsIHN B pabodyeM pacTBOpe B TpeOyeMOM KOJIUIECTBE.

Juddysuro Bogopoaa uepes cranbuyro Mmembpany (Ct3) cocrasa, mace. %: Fe —98,36; C —0,2; Mn —0,5;
Si -0,15; P - 0,4; S - 0,05; Cr - 0,3; Ni - 0,2;
Cu — 0,2; momanso 3,63 cM? 1 TommuHoi 300 MKM OIEHHBAIIN [0 METOJIMKE, OMHCAHHOI B [5-6], B ABYXKaMepHO
siueiike ¢ BepTHKAIbHONH MeMOpaHo#l Tuna sueiiku [leBaHaTxaHa, BRIOJHEHHON U3 cTekia «[lupekc» B OTCYyTCTBHE
INPUHYIUTENbHON Jea’pallid @pU TOTEHLHAaNe KOppo3uu €€ BXOOHOM CcTOpOHBL IIpomomKHUTENBHOCTD
sKcriepuMeHTa — 2 4aca. CTaTHCTHYecKylo 00paboTKy SKCIEpUMEHTAIbHBIX IAHHBIX IPOBOIMIN IOCPEICTBOM
METOJIMKE MAJIBIX BBIOOPOK [15] ¢ moBepuTenbHOM BeposTHOCTRIO 0,95 n kosddunmenTom CthioneHTa 2,447,

JKcnepuMeHTAIbHbIE Pe3yJabTAThl U UX 00CYKAeHUe

B memnom, Hamuue 3aMecTUTENsI IPAKTUIECKH He CKa3bIBaeTCs Ha APOOHBIX 3apsax aTOMOB a30Ta B CHITY

Yero OCHOBHOCTH I'yaHHJIMHA MOKHO IPUHSTH PaBHOI OCTOBHOCTH ero nmpou3BoaHsx (I1IY)

pKMY =~ pK, Y = 11...13,6,
[IO3TOMY TPHMEM, YTO TPOTOHHPOBAHHE (EHIIOWTYaHHANHA, METa-HUTPO(PEHWIONTyaHWAWHA M TyaHHIUHA
MpakTHYecku uAeHTHYHO [2]. Bce paHee clemaHHBIE NPEANIONOKEHHS O BO3MOXHBIX JIIEKTPOXHMHUYECKUX
Iporieccax, MPOTEKAOIINX B YCIOBHUAX IKCIIEPHMEHTA JJIs TyaHHIUHA [5-6], MICXOad N3 KBAHTOBO — MEXaHUYECKHUX
pacuéTos, MOKHO MPUMEHUTH u K
M-H®BI, ¢ Toi nump mompaBKo#, 4To mpoluecc pas3psiia MOHa MeTa-HUTPO(EeHWJIOUTYyaHUIUHUS HPOTEKAaeT I10
peaxiusM
OIYH + e — Hy + 1T,
Hye + ITY +e — Hy +IT'Y.
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ByaeM HUCXOAUTh H3 TOT'O, 4YTO, KaK YK€ OTMEHAJIOCH BBIIIC, Ha 3KEJIC3C CYILICCTBYIOT JBC (bOpMI)I

r
azcopOupoBaHHOro Bogopona [14, 17]: HagmoBepxHOCTHAS - H u nojnosepxHocthas - H S, IMoxgyepkuem, uto

S
H> me cmeayer oToxaecTBIATH ¢ BO3MOXKHBIM TpPEThbMM, abCOPOMPOBAHHBIM BHAOM Takux dacTui. O6e
azcopOupoBaHHbIe (POPMBI HAXOSATCSI B PABHOBECHH, & 3aBUCHMOCTh COOTHOIICHHSI TOBEPXHOCTHBIX KOHICHTPAIMN
YYacTHHKOB TIPOIIECcCa UMEET BUJ, PUBEAEHHBIHN B [7], TIe OH MMOTy4YeH ¢ MCIOIb30BaHNEM NMaHHBIX [17]. Tam xe

r
HOCTYJIHPOBaHO, 4TO (opma H' ormsercreenna sa MOBEPXHOCTHYIO ANU(GY3HI0 M KHHETHKY CTaauH
s .
pexombunarmu, a H® - 3a muddysuio B meramn (abcopbums). VM COOTBETCTBYIOT, B TEPMHHAX IBYMEpHOM
r S v v

xoHuentpaunn, @), u 6, . D10 MOXeT npuBeCTH, 10 KpaiiHeil Mepe, K ABYM s dekram:

1. Hannuume yactui, napanieabHo aacopOUpyIOIIKXCs C aTOMaMH BOIOPOA, MOKET CMECTUTh PABHOBECHE:
0, =06;
H = H -
CaBur ero BIpaeo, IPH MPOYUX PABHBIX YCIOBHAX, KOTA
64 + 6, = const,

YBEIHYUBACT Iy, BICBO — CHMXKAET MOTOK TBepaodasHoit auddy3un Bomoposaa. [ogobusiii 3¢ ekt A0mkeH UMETh
MECTO U TIPH OTCYTCTBUM MOCTOSHCTBA X6, €CJIM COOTBETCTBYIOIMM 00pa3oM H3MeHseTcs cooTHowenue Oy’ Oy
PocT yxa3aHHOIO COOTHOLICHHSI CTUMYIIHUPYET iy, OOpaTHBIA XapakTep U3MEHEHHUs — ero yMeHbluaet. [Ipu atoM 7y

1 ckopocTh PBB MOryT MEHAThCS HE3aBUCHMBIM OT BENMYMHBI iy 00pazoM. Hampumep, npu noesimenun 6/ Gy
ckopocTs PBB MoskeT He TOJIBKO YMEHBIIATHCS, HO U YBEIIMUUBAThCA, OJJTHAKO MEJJICHHEEe, YeM CKOPOCTh PeaKIiu
H ar()c And H as()c

2. YacTuuel, aacopOupymolyecs ¢ aTOMaMH BOIOPOJia HA OJAHUX U TeX )K€ aKTUBHBIX LIEHTpPaX, CHUXKAIOT
O4'. CooTBeTcTBeHHO H3MeHseTcs M &y°. Opmnako, cornmacHo [3], m3meHeHus Oy W 65 MOryT NPOUCXOIMTH
HENpONOPLUOHANbHO, T. K. oTHomeHue Oy/6,, B coorsercTBuu c [17], sBasercs (yHKuMell cTaTHCTHYECKOM
CYMMBI, CBA3aHHOW C OIIPEAEICHHBIM 3allOJHEHHEM IOBEPXHOCTH ajcopbaroMm. Torna, HE3aBHCHMO OT XapakTepa
u3MeHeHus ckopoctu PBB, iy MoxkeT kak BO3pacTaTb, TaK M YMEHBIIATHCSA IOJ BIMSHUEM OIHHUX H TeX IKe
(akxTopoB.

Mauibie kounenTpanuu ryanuania (Cry < 1,0 MM) B BOAHBIX Cpeliax HE BIMSIOT Ha MOTOK TBEPAO(A3HOMN
nuddy3un BoIOposia, KOTOPBIH HECKONbKO Bo3pacTaeT ¢ yBeiuuenneM H;O'. Onnako ¢ nanpHeifmmM poctom Cry
(5,0 u 10,0 MM) iy cucremaruuecku moBbiiaeTcs. Bemuuuna Aiy 3aBucut or Chcy, HO, B LIEJOM, 3Ta TEHICHIIUSL
XapakTepHa IS Bcero m3ydeHHoro wmuTepBana kouredtpaimu HCl (puc. 1). B momobHOM moaxome ocTaetcst
HESICHO, TIOYeMY BBEJICHHE T'yaHWMHA He BIMseT Ha ckopocTs PBB. [leno, Bo3aMOXHO, B TOM, YTO IOBEPXHOCTb
XKeJe3a PHEpreTHUecKr HeopHopoaHa. Eciam ryaHnanH cnocoOeH aJcopOrpoBaThCs UMb HA HanOoJee aKTHBHBIX
LEHTpPaX, N0 KOTOPBIX Majla, a Peakius 3JIEKTPOXUMHUYECKOH aecopOrmu (I'efipoBCKOro) mpoTekaer Ha MeHee
SHEPreTUYECKH aKTHBHBIX, JI0JI KOTOPBIX CYIIECTBEHHO BBIIIE, TO ckopocTh PBB mpakriueckn He namenntes. Ho
C/IBUT PaBHOBECHsI BIIPABO 3aMETHO IOBBICHUT Iy, YTO M HAOJIFOAETCs IKCIICPUMEHTAIIBHO.

iy, A/m2

C(NH,)2CNH » MMOJIB/J1

Puc. 1. 3agucumocms nomoxa meepoogpasnoii oudpgysuu 600opooa uepes memopany npu E,,, ee
6x00noi cmoponst om Konyenmpayuu 2yanuouna u HCl. Cycy, monv/n: 1-0,05; 2 -0,10; 3-0,50; 4 - 0,95.
Booopoonasa ammocghepa, komnamnas memnepamypa.
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B BogHOM pacTBOpuTEne BO BCEM H3YyYE€HHOM HHTEpBasie KoHIEHTpanuil @bl mpu MuUHUMAaIbHOU H
MaKCHMAJILHOM KUCIOTHOCTH HE BBIABICHO YETKOM 3aBUCHMOCTH Iy 0T Copr (pHc. 2, kKpuBbie 1 u 2). BBenenue naxe
MakcHMasHOTO KosmdecTBa MBI’ B (hOHOBEIC PACTBOPHI TPAKTHYECKH HE M3MEHACT 3HAUCHHUE Iy, HECMOTpPS HH Ha
YTO, IIPH ATOM MEHSETCS MEXaHH3M IIpolecca.

iy Afne
0,4
—»]
- 3. a?
0,254
i 5 }
] . A 10
':-.l;n['.MT\[

Puc. 2. 3asucumocmv nomoxa oupdysuu 600opooa uepes cmanwvnyio (Cm3) memopany npu
nomenyuane kopposuu (E,, = -0,22 0,01 B) ¢ 6xoonoit cmoponst 6 600nvix pacmeopax HCI, monv/n: 1 - 0,99;
2 - 0,05. Bo3oywnasa ammocegepa, Komnamnas memnepamypa.

BaxkHO OBUTO BBISCHHUTBH, KaK CKa3bIBACTCA M3MCHEHHE NPHUPONBI 3aMEMICHHOW ctamuu Ha anddy3uto
Bojioposa uepe3 MemOpany. C 3TOW IENIbI0 M3Y4YECH 3TOT MPOIECC C HCIOJIb30BaHHEM (DOHOBBIX PAaCTBOPOB U
cojiep KaIuX pa3nyHble KOHIIEHTpaluu 100aBku o-ODBI.

. -
Iy, A/m~

1,04

(&S]

T T T T T T

0 10 20 30
C, MMoIE/ 11

Puc. 3. 3aeucumocms nomoxa meepooasnoii oudpysuu sooopooa uepes memopany npu E,,, ee
6X00HOIUl CMOPOHBL 8 600HBIX PACHMEOPAX OM KOHUEHmMpPauuu o-gpmopdenunouzyanuouna.

MO)KHO 6BUIO OXuJaThb l'IpI/IHL[I/Il'[I/IaJ'[BHBIX HSMCHQHI/Iﬁ KHHECTHUYCCKHUX 3aKOHOMepHOCT€ﬁ B yCJ'lOBI/IHX
pa3HHqHOﬁ HpPIpO)IBI 3aMe}IHeHHOI\/’I CcTagun, HAJIMYHUEC H3JIOMOB HIIN HepeFI/I6OB Ha COOTBCTCTBy}OH_II/IX KpI/IBBIX B
koopauHaTax iy, Co.pppr - OJHAKO, 0KA3aJI0Ch, YTO CKOPOCTh AU((Y3UHr BOJOPOIA Yepe3 MEMOPaHY iy MPaKTHYECKU
HE 3aBHCHUT OT 3TOTO (haKkTopa.

Ha6monaembiit  xapaktep 3aBucumoctd Iy OT Cygpepr MOXHO HHTEPIPETUPOBATH €  yYETOM
CYIECTBOBAHMS ABYX (hOPM BOAOPOJA HA MOBEPXHOCTH METALIA — HAJANOBEPXHOCTHBIM H' U mOAIOBEpXHOCTHLIIH

T 5
H°. Kaxmbiii Qopme H,. COOTBETCTBYeT cBOS (OpMa 3allONHEHHs MOBEPXHOCTH QH u 9H U Toraa
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T s T s
BH + I(E}H = 2. OnHaKo, cieayeT yYuThIBaTh, YTO CPAaBHUBATH JIBE BEJIHMYHHBI 6’H u 6,H MOJKHO C OIIpEEeNeHHON
JoJei YCIIOBHOCTH, MOCKOJIBKY B obmmem ciry4ae

T 5
9H y max F 9H , max (MAaKCHMaJbHBIE CTCIICHHW 3aIOJIHCHMS Pa3NUYHBIMH (OpMaMH BOZOPOJAA IMOBEPXHOCTH

BEpOATHO He coBnagaroT). Iloaxoxm, cBs3aHHBIM C HCHOJIB30BAHMEM BEIUYUH 9!2’ u 9151 MO3BOJISIET
UHTEPIIPETHPOBATh IIUPOKO HAOJIOAaeMble OTCYTCTBHUSl OJHO3HAUYHOM CBS3M MEXIy KHHETUKOH Iuddysuu
BOJIOPOJia B META/LT B PaCTBOPAX JIEKTPOJIUTOB U MpUpoAoil 3amennenHo ctanuu PBB. Bonee Toro, o nossomuser
MIPOTHO3UPOBATH ITyTH LEICHANPABICHHOTO 0J00pa HHTHONTOPOB HABOAOPOKMBAHHS METAIIMIECKUX MaTEpHaIOB
(IpUMEHUTETHFHO K TIpolieccaM KOPPO3WH) M CTUMYIATOPOB abcopOumy BoAopoAa (IpHMEHHTENBHO K mpobieMe
CO3JIaHUS €r0 aKKyMYJISITOPOB, MMEIOIINX NMPHUHIMIIHAIBHOE 3HAYCHUE JUIA PEIICHUS psiga MpoOiIeM BOAOPOIHOM
SHEPTEeTUKH).

B BOJTHOM pacTBOpHTETE BO BCEM U3yIEHHOM HHTEpBaje KOHLICHTPALUH
M-HOBI" (0 — 10 MM) npu MuHUMaIbHOW M MakcuManbHOH kucinotHocTH (0,99 u 0,05 mons/n HC1) He BbIsIBIEHO
4ETKOU 3aBUCUMOCTH MMOTOKA TBepaodasHoit muddysun Bogopoaa iy ot Cy yopr-

B BOJIHOM pacTBopuTene BO BCEM U3y4EeHHOM HHTepBaie KOHIICHTpaIuii
M-HOBI' npu MHUHMManpHOM M MaKCUMaJIbHOW KHUCIOTHOCTU HE BBIABIEHO YETKOHW 3aBUCUMOCTH IIOTOKA
TBepaodazuoit audpdy3uu Bogoposa iy ot Cy yopr (puc. 4, kpusbie 1 u 2).

i, A/m?
0,5
0,3
a2
- "
@
0,13 L 1
0 2 ' 0 i 10

CM—HtIlBF? MM
Puc. 4. 3aeucumocmvb nomoka meepoopaznoii Ougp@ysuu 600opooa uepes memopany npu E,,, ee
exoonou cmoponst om konyenmpayuu m-H®OBT u HCI. Cyc), monwv/n: 1-0,05; 2—0,99. Booopoouas ammocegepa,
KOMHAMHA memMnepamypa.

BBenenne makcumanbHOoro kosmuectBa M-H®OBIT B (oHOBBIE pacTBOpHI NpPaKTHYECKH HE H3MEHSET
3Ha4YeHue iy. [Ipu yBemMYEHHH KHCIOTHOCTH Cpelbl M KOHIEHTpauuu nobaBku M-HOBI HabmomaeTcst cMelieHne
MIOTEHIMAJIa CaMOPAacTBOPEHMsI paboyvero 3JeKTpoja B aHOAHYIO 00NacTh, YTO, BEPOSATHO, CBA3AaHO ajicopOImeit
yacTull 00aBKH, TOYHee €& IPOTOHMPOBAHHOH (OpMBI, Ha OTPHLATENHHO 3apsHKEHHON MeTaIHYecKOi
TIOBEPXHOCTH JKeJie3a, IIOCPEICTBOM BCTPaMBaHMS UX B IIOCKYIO YacTh ABOMHOTO 3JIEKTPHYECKOTO CJIOs (TIIIOCKOCTh
TenbMronela), 1 TOPMOXKEHHEM HOHM3AIMK xkene3a. IIpu stoMm iy Takke He sBnsercs dynkuued E,o, BXOIHON
CTOPOHBI MEMOPAaHBI.
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SUMMARY

One of the prospective aspects to manage the modern agriculture is involvement of biological substances in
husbandry systems. Nowadays the innovative technologies of crop production by application of biologically active
compounds are the most applicable and environment-friendly alternative which essentially improve the ecological
state of agrophytocenosis and increased the efficiency due to integrative effects. The purpose of the presented study
was evaluation of melanin influence as a natural stimulator on the quantitative and qualitative characteristics of
winter wheat Syunig. According to the obtained results the presowing treatment of seeds of winter wheat Syuniq
using 0.07% of melanin solution positively influenced on the initial phases of ontogeny and further development of
plants, promoting the improvement of biological and qualitative indicator parameters. The effect of melanin on the
yield of winter wheat Syuniq in the presowing treatment of seeds was confirmed.
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INTRODUCTION
Armenia is landlocked country with limited natural resources, covering an area of 29 800 km2. It is located in
Southern Transcaucasus, at the crossroads of Western Asia and Eastern Europe. Armenia is a typical mountainous
country, where about 90% of territory is over 1000m above sea level, average height of territory makes 1830 m.
Geographical situation of Armenia, complex mountain relief and high-altitude zoning of territory have caused
unique variety of natural conditions and natural resources. The territory of Armenia is specific for strongly
pronounced vertical alternation of six basic climate types - from dry subtropical up to severe Alpine, and
temperature contrasts, where only 47% of the total land fund is suitable for agricultural use.

At present, the agricultural sector remains essential for the economy of the country. Being poor land
country Armenia has adopted and follow a policy mainly aimed at the most efficient use of lands and biodiversity
preservation. Conservation of existed diversity and issues of human health have become increasingly important in
the context of current global climate changes.

Towards the sustainable development strategy of agriculture and rural development 2010-2020 of Republic
of Armenia the main problems encompasses following tasks: i) increasing land use efficiency, ii) development of
organic agriculture, iii) improvement of food security and sufficiency

During the last years in parallel with conventional agriculture, the organic agriculture as one of the
promising alternatives has been developed in many countries. Organic agriculture is part of Armenia’s sustainable
development concept and is a priority area in the government’s agro-food policy. It is a system that begins to
consider potential environmental and social impacts by eliminating the use of synthetic inputs, such as synthetic
fertilizers and pesticides, genetically modified seeds and breeds, preservatives, additives and irradiation. These are
replaced with site-specific management practices that maintain and increase long-term soil fertility and prevent pest
and diseases (Avdeenko, 2015).

One of the prospective aspects to manage the modern agriculture is involvement of biological substances in
husbandry systems (Ghitau et al., 2010). Nowadays the innovative technologies of crop production by application of
biologically active compounds are the most applicable and environment-friendly alternative which essentially
improve the ecological state of agrophytocenosis and increased the efficiency due to integrative effects (Azaryan et
al., 2014). There are described different ways of application of bioclogically active compounds, which can be used in
the presowing treatment of seeds and by root nutrition (Pravin et al., 2016).

It is well known that the efficiency of the growth stimulators differs depending on the type, mechanism of
influence, density and exposure of the substance. The biological substances have a high activity even in small doses
application, which in contrast to the synthetic growth stimulants widely used in conventional agriculture is a
privilege (Calvo et al., 2014, Chojnacka, 2015). Application of biologically active substances in agriculture has
certain advantages: i) can be used at different stages of vegetation as they do not contain harmful elements and do
not accumulate in the soil ii) contributes to the increase of photosynthetic surfaces and preservation of biochemical
parameters of plant products iii) having organic origin are not affected on the environment and are mostly
environment-friendly.

The highest physiological activity of bacterial melanin (BM) as potential stimulator for plant growth and
development obtained at the Scientific Center of Biotechnology of the Republic of Armenia was confirmed (Popov
et al., 2005). The effectiveness of bacterial melanin was confirmed also during grape and stone fruits cultivation
(Azaryan et al., 2007). It was shown, that the single application of melanin can stimulate the plant growth,
development and promotion to the faster transition to the reproductive stages.

The purpose of the presented research was evaluation of melanin influence as a natural stimulator on the
quantitative and qualitative characteristics of winter wheat Syunigq.

MATERIAL AND METHODS

The experiments were carried out at laboratory and field conditions. Field experiments were conducted on
the basis of the Armenian Scientific Center of Agriculture of Ministry of Agriculture, located in Echmiadzin,
Armavir province. The region is characterized by dry and sharply continental climate and the cultivation of
agricultural crops is conducted under irrigation. Agriculture in this region mainly based on production of cereals and
vegetable, perennial grasses, grapevines and fruits.
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In laboratory conditions the effect of melanin in the presowing treatment of winter wheat Syuniq seeds was
studied. For this purpose, the seeds were pretreated with different concentrations of melanin (0.03, 0.07 and 0.1%).
As negative control seeds were treated by water. For both of them the cultivation time was 24 hours, following
germination at 25°C in thermostat. On the third day the energy of germination and on the seventh day the potential
of germination were estimated. The experiments were carried out in duplicate, for each replication100 seeds were
used. For promising variants the experiments were continued in field conditions.
Data on precipitation (mm) and air temperature (°C) relative humidity for the research period in Echmiadzin,
Armavir province, are presented in the Tables 1 and 2.

Table 1. Monthly and yearly summaries of precipitation (mm) in Echmiadzin

Year/month | | I Il v \% VI VIl VI | IX X Xl Xl
2016 359 | 128 | 105 8.4 321 | 197 | 338 |6 18 158 | 32 35.1
2017 168 | 7.6 8.2 13.7 | 354 |33 24 55 1.2 315 | 273 |87

Table 2. Monthly and yearly summaries of temperature (°C) in Echmiadzin

Year/month | | I Il v \Y Vi Vil VI | IX X Xl Al
2016 21 | 4.2 8.6 139 | 179 | 223 | 257 |268 | 198 |125 |36 |-40
2017 90 |-81 |61 13.1 | 183 | 23.7 | 275 | 278 | 230 |125 |69 |14

The field experiments were carried out in four replications, with 50 m? of planting area and 250 kg/ha of
seeding norm. From two non-related replication areas four 0.25 m? permanent surfaces were separated for purpose
of phenological observations and biometric measurements. Before harvest, for all the plants from permanent areas
the structural elements of yield were determined in laboratory conditions. The received data were estimated
according to the mathematical processing (Dospechov, 1985). Seed quality was determined in the samples collected
from the total mass of yield according to GOST (GOST 9354-67 *, 1977). The biological indicators of the variety,
the structural elements of the yield and the technological and seeding parameters of the seed were studied.

RESULTS AND DISCUSSION

According to the obtained results carried out in the laboratory conditions, the optimal concentration for
presowing treatment of winter wheat Syunig was 0,07 % of melanin. This concentration of melanin stimulated seed
germination in 100% both in laboratory and field conditions, while according to Ghitau et al., 2010, the highest
percent of seed germination treated with stimulators of different origins, was no higher than 95.5%. Obtained results
of melanin influence on winter wheat Syuniq are presented on Table 3.

Table 3. Influence of melanin treatment on winter wheat Syuniq in the laboratory conditions.

Treatment Energy of germination, % Germination, %
Control 95,5 97,5
Melanin 0,03% 94 97
Melanin 0,07% 100 100
Melanin0.1% 84 90

Based on the obtained results carried out in the field conditions indicated that in the experimental variants
treated with 0.07% of melanin germs grown comparable simultaneously and two days earlier in comparison with
control variants. According to the obtained data, the germination of treated variants was higher on 5, 3% in contrast
to control variants. Obtained results of influence of melanin treatment on biological indicators of winter wheat
Syuniq are presented on table 4.
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Table 4. Influence of melanin treatment on biological indicators of winter wheat Syuniq

. Roots dry mass
Fiel Frost — Plant
Tratment '° d. . rqs Viability, % ?n on the end of
germination, % | resistance,% height, sm .
vegetation, gr.
Control 66,9 92,3 90,7 105,5 10,38
Melanin 0,07% 72,2 94,8 94,9 108,9 12,56

The positive effects of melanin observed in early stages of onthogenesis have also been maintained at later
stages of plant growth and development. Thus, in comparison with the control variants, the level of germination
increased in 2.5% and the viability was increased in 4.2%. Biometric measurements have shown that in case of
melanin treated variants the plants are higher in 3.4 cm and the root dry mass in 2.18 g more in comparison with
control variants.

The yield of winter wheat is forming due to the preserved plants in 1m? area and to the quantity of effective
stems at the end of the vegetation (Adhikary et al., 2009). The results presented on Table 5 approved that in melanin
treated variants at the end of vegetation in comparison of control variants are preserved more plants leaded to the
effective tillering of plants.

Table 5. Influence of melanin treatment on common and effective tillering of winter wheat Syuniq

Plants quantity at the | Stems per 1m? Tillering, pcs
Treatment ;
end of vegetation, pcs common effective common effective
Control 33,0 105,8 94,3 3,2 2.9
. 39,5 1444 133 3,7 34
Melanin,
0,07%

Melanin has also shown a positive stimulating influence on the structural elements and yields of winter
wheat Syuniqg (Table 6). In melanin treated variants the number of spiklets in spikes (20.2), as well as the number of
grains (56) and weight (3.1 g) were higher in comparison with control variant. As a result, a high yield was obtained,
which exceeded the control variants for 13.6%.

Table 6. Influence of melanin treatment on the structural elements of winter wheat Syuniq

Height Number  of | Number of Grains Mass of | . .
. . . mass per Yield, | Additive
Treatment of spike, | spiklets per | grains per . 1000 .
. . spike, . c/ha yield, c/ha

sm spikes, pcs spike, pcs or grains, gr.
Control 7,8 19,6 50,9 2,8 47,6 48,4 -
Melanin0,07 8,2 20,2 56,0 3,1 54,0 55,0 6,6
%
The smallest
Average 0,4 0,3 34 0,01 38 2,8
Difference
(SADys)

It is well known that many factors as varietal, climatic and agrotechnical affecting the quality of wheat
seeds (Ernst, et al. 2016, Sidlauskas & Bernotas, 2003). Obtained results of the presented study approved, that
besides the above mentioned factors, the presowing treatment of seeds with 0.07 % of melanin has shown
stimulating influence on winter wheat cultivation.
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Table 7. Influence of melanin treatment on technology and quality of cultivation indicators of winter
wheat Syuniq

Treatment Gluten, % | Volume weight, g/l | Vitreousness, Fractional content, g
% 3,0 2,6 2,4 2,2
mm mm | mm | mm
280,
Control 25,0 763,1 65,5 696,9 6 195 | 3,0
Melanin, 0,07% 29,5 774,6 73,5 902,2 | 79,3 | 154 | 31

Based on the obtained results, in melanin treated variants the content of gluten was 29,5%, vitreousness
was 73,5% and the mass was 774 g/l, in control variants the same parameters were 25%, 65,5% L 763,1 g/l
respectively. The nutritional value of winter wheat is due to high content of gluten and vitreous. It should be
underlined, that the important argument in the use of biological compounds is the fact, that these substances have a
potential to effect on the quality of the yield of winter wheat, increasing the content of proteins and reducing the
content of heavy metals in the grains. In the frame of presented study the effect of melanin on the main indicator
parameters characterizing the quality of winter wheat Syuniq was revealed.

Thus, according to the results obtained in the laboratory conditions, on the third day of cultivation the
germination energy of control variants was 95.5%, in comparison with melanin treated variants, where the
germination energy was 100%, which approved the positive impact of melanin treatment on the viability of grains.
In the field conditions, viable grains have provided more than 5.3% of field germination. The study of fraction
content of grains (in per kg) revealed that in two variants the large fraction of grains (3.0 mm) dominated, but in the
melanin treated variants the grains were more homogenous.

CONCLUSIONS

The presowing treatment of seeds of winter wheat Syuniq using 0.07% of melanin solution positively

influenced on the initial phases of ontogeny and further development of plants, promoting the improvement of
biological and qualitative indicator parameters and increasing the yield. The key factors in our experiments were the
selected correct concentration (0.07%) of melanin and treatment time (24 h.). It was revealed that selected
concentration of melanin promoted the simultaneous germination of seeds, detected 2 days earlier in comparison
with control variants.
In the filed conditions, for the melanin treated variants comparable higher germination and frost resistance were
determined. Biological simulator effected also on the quantity of the preserved plants in the field at the end of
vegetation, promoted to increase the quantity of effective spikes and productivity of yield. Additive yield was 6.6 ¢ /
ha. In melanin treated variants of winter wheat Syuniq the indicator parameters as germination energy, germination
in the laboratory conditions, mass of 1000 grains and homogeneity characterizing the quality of cultivation of seeds
also were improved after melanin treatment.
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POLLEN CHARACTERIZATION OF WHEAT VARIETIES WITH DIFFERENT PLOIDY
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Armenia is the ancient homeland of numerous crops including wheat. Wheat cultivation started
approximately in XIH1-XII millennium B.C. in Armenian highland and even now wild relatives of wheat are quite
widespread in Armenia. It is well known that the wild relatives of crops play a significant role in the development of
cultivars with desired characteristics and provide valuable and stable genes for disease and pests resistance, high
protein content, tillering, frost and drought resistance and other economically desirable attributes. Wild progenitors
of cultivated wheat species are an important source of variability for breeding programs to obtain new cultivars with
improved quality, stable yield and reduced economic and environmental costs.

The main goal of the presented research was comparative characterization of the pollen of some cultivated
and wild wheat species growing in Armenia. The objectives of our research were genotypes from Triticum species
including cultivated T. aestivum L. var. Nairi and var. Delfi (both 2n=42), T.durum Desf. var. arandani (2n=28) and
wild T. boeoticum Boiss. (2n=14). The material of flowers was sampled from the experimental station of the
Scientific Center of Agriculture (Echmiadzin). For estimation of pollen fertility and measurement of pollen grains
the method of the acetocarmine staining was used. The data of pollen fertility were obtained on the basis of analysis
of circa 5000 pollen grains in each variant. The evaluation of measurements of pollen grains were carried out on the
base of analysis 200 randomly taken pollen grains per sample using Motic 10 digital microscope by Imagel
software. Mean values, standard deviation (SD) and coefficient of variation (CV) were calculated for each sample in
Excel.

In reproductive biology the key role plays the development and formation of both female and male
gametophytes. In our study the results of pollen fertility demonstrated wide range in investigated species. The high
levels of pollen fertility more than 90% were revealed for all genotypes excepted T.aestivum var. nairi with fertility
79,8%.

Morphometric analysis of pollen revealed the formation of pollen grains with average sizes from
78,7+£25,97 for T.boeoticum to 122,57+9,48 for T.aestivum var. delfi. As it was expected the pollen size increases
with the ploidy level of the genotypes. At the same time the interspecific differences were registered between nairi
and delfi varieties of T.aestivum with pollen average sizes 107,61 and 122,57 respectively. In our study the highest
level of CV was registered for T.aestivum var. nairi and T.boeoticum 30-33% which could present more potential
for adaptivity to climate change.

The presented results can provide essential basis for future strategies in agriculture management in Armenia
to reach target yields. Besides, the wheat cultivars and wild species with high viability and high quality will be
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recommended as important source for target breeding. Their research is important for obtaining new hybrids in
terms of enhanced capability adapting to the changing environment.
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OCOBEHHOCTMU O3EJIEHEHU C UCITOJIb3OBAHIA PA3HBIX BIJIOB
I'OPOJACKMX I'A3OHOB

Yymauyesa H.M., KpacHocio6oauena A.E., Ckpsaduna A.A.

OI'bOY BIIO HoBocubupckuii rocyiapcTBEHHBIH apXUTEKTYPHO-CTPOUTEIBHBIN YHUBEPCUTET
(Cubctpun), r. HoBocubupck

Amnsotanusa. CtaThsl OCBSIIEHA MpoOJieMe 03€JIeHEHNSI TOPOACKNX TeppuTOpuid. OOCYXKIaroTCst CrocoObI
TOPU30HTAJIBHOTO O3CJICHEHHs Ta30HAMH DPa3HBIX BHIOB, pPacCMaTpPHBAIOTCS INMPEUMYINECTBA M HEAOCTATKH B HMX
UCTIONIb30BAHHH, ITOJ00P CEMSIH /ISl TPaBOCMECEH, MpOaHaIn3uPOBaH PHIHOK IIEH Ha Ta30HBI.

KiroueBsle citoBa: BHIBI TOPOJICKHX I'a30HOB; HOPMHUPOBAHUE 3€JIEHBIX HACAKACHHH; OCHOBHBIE CITOCOOBI
1I0CeBa; PYJIOHHBIN I'a30H; CESHBIN Ia30H; THAPOIIOCEB; TOJ00P CEMSH; COCTAaB TPAaBOCMECEH.

CoBpeMeHHbIE TOpOo/ia ABISIOTCS UCTOYHUKAMH 3arps3HEHUI BO3/lyXa, IIOBEPXHOCTHBIX U MOJ3EMHBIX BOJ,
MOYBBL. B CBSI3M ¢ 3TUM 01aroycTpoONCTBO M O3€JIE€HEHHE TOpPOJOB MPUOOpPETaeT 0coboe 3HAUEHHE IJIST CO3JAaHUs
Ooiee BBICOKOTO YPOBHS JKH3HH, YIYUIICHHS SKOJIOTHYECKOTO COCTOSHHS. 3eJIeHbIe HACAKICHUS OYMINAIOT
aTMocdepy (BBLIEISIIOT (GUTOHOMIB, OAaKTePHIHIBI), KOHIWUIHOHHPYIOT BO3AYX, CHIDKAIOT YPOBEHb IIYMOB,
MIPETATCTBYIOT BOSHUKHOBEHHIO BETPOBBIX PEKUMOB, CO3AAI0T MUKPOKIMMAT, UMEIOT 3CTETUIECKOE 3HAUCHHE.

B Poccun 3eneHple 30HBI HAaXOAATCA B KaTracTpO(MUYECKOM COCTOSIHUHM, HE COOJIONAIOTCS HOPMBI
o3esteHeHus. OOLIas HOpMa IUIOIIAIM HACAXKICHHI Ha YJIHIAX HAa OXHOTO JKUTENs JOJDKHA COCTaBiTh 4,5M2 [4].
VYka3aHHas Cpe/iHsIsl HOpMa M3MEHSETCsl B 3aBUCHMOCTH OT pa3MepoB ropojia, B KPYIHBIX Iopojax, rjie Oosnblire
MarucTpajiei, 3Ty HOpMy LenecooOpa3sHO MOBBICUTH A0 SM? Ha ofHoro kutens [4,7]. HopMmupoBaHue 3elieHBIX
HacaXXJIeHNWI1 roposia OCYIIECTBIIETCS B 3aBUCUMOCTH OT €r0 Ha3HAueHMs (aAMUHHUCTPATHBHBIN, NPOMBIIUICHHBIH,
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HayY4YHBIH, KYJbTYpHBIH LEHTpP), pa3Mepa TEPPUTOPHH, IUIOTHOCTH 3aCTPOMKH, KIMMAaTHYECKUX YCIOBHH,
CYLIECTBYIOLIEI0 apXUTEKTYPHO-ILUIaHUPOBOYHOTO penreHust ropoxa [7]. Hopma miomiaan o3eneHeHHsI TOPOIOB,
ycranosneHHas BO3 paBHa 50M? TOpOACKHX 3€JEHBIX HACAXICHHH HA OJHOTO XHUTENA. [LTOXMMH O YCIOBHAM
03€JICHEHHSI CUNTAIOTCS TOPOAa, TAE PACTHTENBHOCTh 3aHMMaeT MeHee 10 % miomanu ropoaa, xopoummu— 40-
60 % [2].

[IprHOIMNMATBHBIM BOIIPOCOM B PEIICHUH O3€JIEHEHHUS TOPOACKUX YIIHII, CKBEPOB, APKOB SBISIETCS BEIOOD
npueMa o3zesieHeHHs. OCHOBHBIM BHJIOM TOPH30HTAJILHOTO O3EJICHEHHMS SIBJISIETCS TOPOACKOH razoH. OH NOJDKEH
obmanaTh  omnpenenéHHBIMU XapaKTepUCTUKAaMU:  OBITh  HENPUXOTIMBBIM, crocobeH o0nanath
MOPO30YCTOWYHBOCTBIO U YCTOMYMBOCTBIO K BHITANTHIBAHHIO.

OCHOBHBIMU THUIIaMH TOPOJICKHX T'a30HOB SBIISIOTCS JIEKOPAaTUBHbIE (MapTEPHBIH, MapKOBBIM, JyrOBOW,
MAaBPHUTAHCKHU#, CIOPTUBHBIE, ClienHajIbHbIe [3].

TpaBsiHOE TOKPHITHE EKOPATHBHBIX Ta30HOB HCIONB3YETCSl BO3JIE JOMOB, Aad, B TMapKax M MECTax
otapixa. TpaBSHUCTBIN MOKPOB COCTOUT M3 CIICIMANBHBIX BUIOB PACTEHHUH, KOTOPBIC Oyaroapsi O4eHbs ObBICTPOMY
pa3pacTaHHUIO CO3/MAIOT TycTOW KoBep 3cicHH. CIIOPTHBHBIE Ta30HBI CO3JAIOT M3 3JIaKOBBIX TPaB, KOTOPBIE
CcrocoOHBI TIEPEHOCHUTH OOJBINNE HArpy3KH H OYEeHb OBICTPO BOCcTaHaBIWBaThCI. COCTaB TpaBOCMECH IUIS
O3€JICHEHHsI 3aBUCHT OT BHJa crmopra. CrenuanbHble Ta30HBI (OPMUPYIOT HAa OTKOCax W CKIOHax. s HuX
NMPUMEHAKOTCA TpaBbl, UMCIOMINE OYCHL CUJIbHYIO KOPHCBYIO CHCTEMY, YKPCIUIAIOIIYIO IIOYBY. CHeHI/IaﬂbeIe
ra30Hbl OTJIMYAIOTCSl CIIOCOOHOCTBIO TOTJIONIATh BPEIHbIE BEUIECTBA B OOJBLIMX 00bEMax, OTIMYHO MOTJIOMIAIOT
LIyM.

K Hacrosimemy BpemeHHM pa3paboTaHbl M NPUMEHSIOTCS Ha MPAaKTUKE pa3lIMuHbIe CHOCOOBI yCTpoiicTBa
ra3oHOB, B 3aBUCHUMOCTH OT UX Ha3HaueHus. B maHmmadpTHOM qu3aiiHe Hambojiee BOCTPEOOBAaHBI TPH CIOCOOA
CO3JIaHMs ra30Ha: MOCEBHOM, THAPOINIOCEB U PYIOHHBIH [5].

PynoHHBIN ra30H — 3TO JEpHHMHA Ta30HHBIX TPaB, BBIPAIICHHAS IIOCEBOM CEMsIH Ha CIICIHAIbHBIE MaThl
PBIXJION CTPYKTYpBI M3 PAaCTHTENBHOTO (JKYT) WIJIM MCKYCCTBEHHOTO BOJIOKHA. ['0TOBas IepHHWHA CBEPTHIBACTCS
pYJOHaMH, yIOOHBIMH Ul TPAaHCIOPTHUPOBKH. MeXaHM3MPOBaHHast OpHraza B cOCTaBe TPEX UENOBEK BBIMOIHSICT
YKJIaJKy ra3oHa B cpeineM 1o 150m? B ieHb. ['a30H MONHOCTBIO TOTOB K 3KCILTyaTaluy yxe yepes 20-25 nHeit [8].

HpeI/IMyIlIeCTBa HCIOJIb30BaHUA PYJIOHHBIX I'A30HOB 3aK/IIOYAal0TCd B MUHHUMAJIbHOM KOJIMYECTBE COPHBIX
TpaB B TMOKPOBE, YCTOMYMBOCTh K 3acyXaM W MOpO03aM, BBICOKMM MMMYHHUTET K 3a00J€BaHHSIM, JOCTATOYHAS
JIOJITOBEYHOCTb.

B kauectBe HEAOCTATKOB PYJOHHBIX Ta30HOB MOXXHO OTMETHUTH OTHOCHUTEIBHO BBICOKYIO CTOUMOCTDH (B
OCHOBHOM 3a CYET JJOCTaBKH), OOJBIION BeC M 00BbEM PYJIOHOB, a TaKKe HEOOXOTUMOCTh OEpPEeKHOTO OTHOUICHHUS
TIPU TPAHCHIOPTUPOBKE M pa3rpysKe. PyloHHBII ra30H TpeOyroT 0COOBIX YCIIOBHI XpaHEHHMS, ISl HET0 HEOOXOIMMO
peryisipHOE yBIaKHEHHE W 3allliTa OT IPSMBIX COJHEYHBIX Jydeil. Kpome Toro, cpok XpaHEHHs Cpe3aHHBIX
pyJIOHOB orpannyeH: 10 CyTOK B POXJIAIHYIO OTOY U 5 CYyTOK B *kapkyo [8].

TexHomoruss THAPONOCEBA IPEIYyCMATPUBAECT IIOATOTOBKY CMECH M3 CEMSH TpaBbl, CHELHAIBHBIX
CKJICHBAIOLINX BEIECTB, YA00peHui, rugporens U Mynpun [1]. Cmech pa3baBisieTcsi BOJOH, 3aTeM MOJ 1aBICHHEM
MIPOM3BOJIUTCS €€ paclblICHUE Ha IOATOTOBJICHHYIO 1MOouBy. Ha3zHadueHue rugporoceBa JOBOJBHO Pa3HOOOpa3HO:
YKPEIJICHUE OTKOCOB 3eMJISIHOTO MOJIOTHA aBTOMOOMJIBHBIX JIOPOT, HCKYCCTBEHHOE CO3/IaHHME HAChINeil ¢ OOJIbIION
KPYTH3HOH OTKOCa, KOHTPOJb 3a 3pO3Hell HaOepeKHbIX, OEperoB o3ep U peK, YKPEIUICHHE YCTOEB MOCTOB,
BOCCTaHOBJICHHE JaHmmapTa Ha  OTPabOTaHHBIX OTBajaX, KOHTPOJb 3a MPOLECCaMH 3PO3UH TOYBHI B
€CTCCTBCHHBIX YCJIOBUAX. FI/I}IpOHOCCB IMUPOKO HUCTIOJIB3YCTCA JJIA 3aKPBITUA MYCOPHBIX CBAaJIOK C UCIIOJIb30BAHUEM
Je3onopupyromux 1ob6aBok. IlpenmMymiecTBa TuaponoceBa 3aKOYAlOTCS B BBICOKOM ~ BCXOXKECTH CEMSH,
BO3MOXKHOCTH II0CEBa B MECTaX, CIOXHBIX IJIsI 00pabOTKM, HAa KPYTHIX CKJIOHaX. ['MapomoceB cmocoOCTBYeT
YKPEIJICHUIO CTPYKTYpPHI MOYBBI, IIOMOTaeT OOPOTHCS C COPHSIKaMH M 3pO3Hel, BOCCTAHABIMBAET OOropeBIIHUE
ydacTku 3emi. Hemocratkamu ruzpornioceBa sIBIsS€TCS HEPaBHOMEPHOE PaclpOCTPaHEHHE TPAaBOCMECH, MOTEPH
CeMsiH W3-3a BETpa M JIPYTMX IMOTOJHBIX (aKTOpOB, HEOOXOJMMOCTh B CHEIHAILHOM OOOPYIOBAaHWH, BKIIOYAs
Hacoc.

IToceBHoii ra3oH HanboJee 3aTPaTHBIN M TPYAOEMKHI B ncnioaHeHuH [6]. Kiaccnueckniit MmeTox momy4eHns
TPaBSHOI'O IOKPOBAa — 3aCeBaHUE MOATOTOBJIEHHOTO yd4acTka ceMeHaMu. [IperMylecTBa IOCEBHBIX I'a30HOB:
JA0CTyIMHasA CTOUMOCTb TpaBOCMeCGﬁ, KOpOTKIfH\/’I nepuog agantanu K MECTHBIM YCJIOBUAM, K 3aCyXaM, 3aMOPO3KaM,
3aTCHCHHOCTH. He}IOCTaTKaMI/I ABJIAIOTCA: 3HAYUTCIIBHBIC YCUIIMA TIPU TIOCEBE, MEIJICHHAA W HCPABHOMEpPHAas
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BCXOXKECTb, HCOAHOPOJHAA I'yCTOTa TPAaBsIHOI'O IMOKPOBaA, HHI/ITGHLHHﬁ nepuon (bOpMPIpOBaHI/IH JACPHHUHBI B TCUCHUC
ronaa. KpOMe TOTO Ha JTaIllC NMPUXHWUBAHUA Ta30H MOXKCT OBIThH TMOBPECKIACH NTULIAMHA, YA3BUM IICPE] CHUIIBHBIMHA

TOXKISIMU.
CpaBHEHHE OCHOBHBIX CITIOCOOOB ITOCEBA a30HOB IO KAYECTBEHHBIM IapaMeTpaM IIPUBEIEHO B Tabmmie |
(Tabmn.1).
Tab6muma 1.
CpaBHUTENbHAS XapaKTePUCTHKA KadeCTBEHHBIX apaMETPOB YCTPOHCTBA Fa30HOB
Croco6 ycrpoiicTa
ITapamerp
CesHblit Pynounnsiii I'mnponoces
TpynoéMKocTh Bricokas Cpentsia Huskas
CKOpOCTb TPOM3BOACTBA pabOT Cpennsis Cpennsis Bricokas
Hauano sxcrutyatauuu 4-6 Henenn Cpazy 3-4 venenu
3aTparhl Ha YCTPOMCTBO ra3oHa Cpennue Bricokue Huskue
Cpennue
3aTpaThl HA COEPKaHUE Bricokue pel Huzkue
3aTpaThl HAa IOATOTOBKY MOBEPXHOCTH Bricokue Cpennue Huzkue
JlekopaTHBHOCTB 01aroyCTpOCHHOMN
P yerp Huskas Bricokas Cpennsist
MTOBEPXHOCTH
D¢ dekTHBHOCTD criocoda ycTpoiicTBa
b yep Huskas Bricokas Bricokas
ra3oHa
BpeMs rofa 11 3aKIIaIKH ra30Ha Becna u ocenp BecHna, neto u oceHb
CTOWKOCTH K BEIMBIBAHHIO Ha CKIIOHAX 30° 70° 90°
KpaTtHOCTh nONHBa Beicokas Cpenuss Huzkas
CTOIKOCTD K 9PO3UH MOYB Huskas Bricokas

Ilena Ha ra30HBI CKJIAABIBAETCS U3 PAaOOT IO MOATOTOBKE ITOYBBI, BEIPABHIUBAHUIO TOBEPXHOCTH, CTOUMOCTH
ceMsH u ynoOpeHnit. CpeaHsas 1ieHa pyJIOHHBIX ra30HOB 10 3anaaHo-CuOupckomMy pernoHy kommanuu «I opra3zon»
npuBeaeHa B Tabnune 2 (tabm. 2) [9].

Tabauna 2
[IpuMepHas 1eHa Ha CYIIECTBYIONIUI IPYHT NPU CO3JAHUU PYJIOHHBIX TA30HOB U3 MATIINKA
ITmomans M Ilena 1M CTONMOCTB
10 100 (1 cotka) 220 py0. 22000 pyo.
10 200 (2 cotkm) 200 py0. 10 40000 py6.
10 500 (5 coTok) 180 pyo. 10 90000 pyo®.
1o 700 (7 cotok ) 150 py0. 1o 105000 py6.
cBbrme 1000 M 100 py6. ot 100000 py6.

HemanoBa>kHBIM (akTOpOM UL YCTPOHCTBA Ta30HA SIBIISETCS MOJ00P CEMSTH Ta30HHBIX TpaB. [Ipu BeIOOpe
CceMsSH HeoO0XOAWMO YYMTHIBaTh HAa3HAYEHHE M OCOOCHHOCTH ydYacTKa /IS Ta30Ha, a TakKe OMOJOrMYecKue
0COOEHHOCTH TpaBOCMeCH. TpaBbl W3 CeMEHCTBa MATIMKOBBIX HE TPeOyIOT 0co00ro yxoma, NMPIKUBAIOTCS Ha
O€HBIX MOYBaxX, OOJIBIINHCTBO COPTOB YCTOHYMBO K 00JIe3HsIM M BpeauTessiM. [IpuHImn cocraBieHns TpaBocMecen
3aKJII0YAaeTCsl B CMEIIMBAHUM CEMSH TPaB Pa3lIMYHBIX TUNOB KYIIEHUS, PACHOJOXKEHUS U MOIIHOCTH KOPHEBOM
CHCTEMBI, pa3in4Hol BBICOTHI. Kak mpaBmio, Oepyr nBa, Tpu M Oojiee BHJOB CEMSH TpaB € NpeodiagaHueM
pacTeHuil ¢ KOPHEBUILHBIM, PBIXJIOKYCTOBBIM THIOM KyIIeHHs. J[1s MapTepHBIX Ia30HOB NMPUMEHSIOT OAMH-IBA
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BU/a TpaB, Kak MPaBWJIO, TPaBOCMECh M3 OBCSHUIBI KpacHOH (80 %) M moneBHIBI TOHKOMMCTHOH (20%) wnm
MsTiika JtyroBoro (20%) [9]. CoctaB TpaBocMmecei Al OOBIKHOBEHHOTO CaJI0BO-TIAPKOBOTO Ta30HA BKIIFOYACT
TaKkde TPaBbl, KaK palrpac MacTOMINHBIN, OBCAHHIIA KpacHas, TUMO(eeBKa JIyroBas, MOJEBHIA TOHKOJIUCTHAs,
MATIIK JyroBoil. JloGaBieHne B cocTaB TpaBOCMecel OBICTPO pa3BUBAIOIICTOCS pairpaca MaeT CPaBHUTEIBHO
OBICTPHIH (D (HEKT MOTYICHNUS 3EIIEHOTO TTOKPBITHS.

CnHcoK TuTepaTypsl

1. I'uaponoces: obopynoBanue, MOJIETIH, pacxofHbIe MaTepuaIbl.
HUcrounuk:http://www.ecotechnics.ru/ecoposev/gydroposev.htm. (rata obpamenus: 27.09.2019).

2. Hopmbl n mpaBuia 1o 6J1aroycTpoilcTBY TEPpUTOPHU — «3elieHOEe CTPOUTENLCTBO» HopmupoBanue n
épa3MemieHne 3eNeHBIX HacaxaeHui ropona Mcrounmk: www.cap.ru/home/380/2013/nopma.do. (marta
obpamenns: 27.09.2019).

3. Ozenenenue. ['a30HBI: TexHOMOTHSA ycTpoiicTBa ra3ona - ['pann-Cepsuc. Mcrounnk: www.ldgrand.ru.
https://www.google.ru/search?newwindow. (mata obpamenus: 27.09.2019).

4. TlpoextmpoBaHHe camoB © mapkoB. bwT. Xo3siictBo. CrpourensctBo. Texuuka. HcTodHHK:
http://bibliotekar.ru/5-ozelenenie/2.htm. (mara oopamenus: 27.09.2019).

5. CoBpeMEHHOE TOPOJCKOE O3CJICHCHHE: OCHOBHBIC MpaBWia M IieieBbic 3agauu. 10 wHos0. 2017 1.
Hcrounuk: yopolis.ru/.../2162-sovrjemjennoje-gorodskoje-ozjeljenjenije-osnovnyje-pravila-i-cjelj... (mata
obpamenus: 27.09.2019).

6.Croco0bI moceBa TpaBOCMECH ra3oHa.

Ucrounuk: http://www.trawa.ru/stati6.shtml. (nara obpamienus: 27.09.2019).

7. CIT 42.13330.2016. "IlnaHupoBKa U 3aCTPOWKA TOPOAOB, IIOCEIKOB U CELCKUX HACEICHHBIX ITYHKTOB'
aKTyaJU3UpPOBaHHAS  pelaKIHs CHull  11-60-75* HWcrounuk:  www.norm-load.ru/SNiP/old-
snip/index/new/11-60-75.htm. (nara obpamienus: 27.09.2019).

8. YcrpoiictBo ra3ona:TexHojorus U croumocts. Mcrounuk: vesdizain.ru/kak-parvenu-ustroit-gazon-na-
uchastke.html.( mata o6pamenus 27.09.2019)

9. VYCTpOMCTBO pPYIOHHOTO Ta30HA: TEXHOJNOTWS YKJIaJAKA W BhipammBanusa. Mcrounuk:https:/diz-
cafe.com/ozelenenie/texnologiya-ukladki-rulonnogo gazona.html. (nata o6pamenus: 27.09.2019).

CEKIUA Ne72.
BUOT'EOXUMMUS (CHEIMAJTBHOCTD 03.02.09)

CEKILIUS Ne73.
T'IAPOBUOJIOT M (CHELMAJBLHOCTD 03.02.10)

CEKIUA Ne74.
MMAPA3ZUTOJIOI'UA (CHEIIMAJBHOCTD 03.02.11)

CEKIIMSI Ne75.
MUKOJIOTUS (CHELIUAJIBHOCTD 03.02.12)

CEKIIUA Ne76.
MHNOYBOBEJEHMUE (CIIEHUAJIBHOCTD 03.02.13)

39


http://landscape.totalarch.com/green_building
http://www.norm-load.ru/SNiP/old-snip/index/new/II-60-
http://www.norm-load.ru/SNiP/old-snip/index/new/II-60-

CEKIUA Ne77.
BUOJIOI'MYECKHUE PECYPChI (CHEINMAJIBHOCTD 03.02.14)

POU3NO0JIOI'UA (CIEIUMAJBHOCTD 03.03.00)

CEKIIUA Ne78.
OU3UO0J0I'uA (CHEHUAJBHOCTD 03.03.01)

CEKIIUA Ne79.
AHTPOIIOJIOI'US (CHEIUAJIBHOCTD 03.03.02)

CEKILIUSI Ne80.
WUMMYHOJIOTUS (CIELUATBHOCTD 03.03.03)

CEKIIHS Ne81.
KJIETOYHAS BUOJIOTHS, IUTOJOT UL, THCTOJIOT MiSI
(CIEOUAJIBHOCTB 03.03.04)

CEKLIMSI Ne82.
BUOJIOTUSI PA3BUTHSI, DMEPUOJIOTUSI(CIIELUAJTBHOCTH 03.03.05)

CEKLIMSI Ne83.
HEHPOBUOJOT M (CNELUAJIBHOCTD 03.03.06)

I'EOT'PA®UA

CEKIUA Ne84.
OUBNYECKASA TEOT'PA®USA U BUOTEOT'PAOUA I'EOTI'PA®US ITOYB
N TEOXUMUSA JAHAIA®TOB (CIIEHUAJBHOCTD 25.00.23)

CEKILIUSI Ne8S5.
YKOHOMUYECKAS, COLUATBHAS, TIOJTUTUYECKAS
U PEKPEALIMOHHASI TEOTPA®US (CTIEUAJIBHOCTH 25.00.24)

CEKIIHSI Ne86.
TEOMOP®OJIOTHS ¥ DBOJIIOIIAOHHASI TEOT PAGHS
(CTIEOUAJBHOCTH 25.00.25)

NHO®OPMAIIMOHHBIE TEXHOJIOT'THN

CEKIIUA Ne87.
NHO®OPMAINMOHHBIE TEXHOJIOTMX B COBPEMEHHOM MHUPE

40



I'EOJIOI'UA

CEKIIUA Ne88.
PA3ZBUTHUE I'EOJIOI'MH B COBPEMEHHOM MUWPE

41



IJIAH KOH®EPEHIIMIT HA 2019 TOJ[

Auaps 2019 1.
VI MexayHapoaHas HaydHO-TIpakTU4ecKas KOH(epeHIHs «AKTyaJbHble BONMPOCHI

€CTeCTBEHHBIX M MAaTEMATHYeCKHX HAYK B COBPEMEHHBIX YCJIOBHAX Pa3BUTHA
crpanb», r. Cankr-IleTepOypr

[Tpuem crareit qia nyonukanuu: 10 1 saBaps 2019 r.

Jlata u31aHus 1 pacchlUTku cOOpHUKa 00 urorax koH(pepenuuu: 10 1 ¢pespans 2019 r.

®eBpaab 2019 1.
VI MexnyHapoaHas HayqHO-IIPAKTHYECKass KOHPEpeHIus «AKTyaJlbHble MPO0JIeMbl

eCTeCTBEHHBIX H MaTeMaTu4ecknux Hayk B Poccuu u 3a pyoesxxkom», r. HoBocudupck
[Tpuem crateit ns myonukanuu: 1o 1 despans 2019 r.
JlaTa u3gaHus U pacchlIKu cOOpHHMKA 00 nTorax kondepenuun: 1o 1 mapra 2019 r.

Mapt 2019 1.

VI MexayHnaponHasi Hay4dyHO-TIpakTH4ecKas KOH(pepeHIUs «AKTyajbHbIe BOIPOCHI
COBPEMEHHbIX MATEMATHYECKHX M €CTeCTBEHHBIX HAYK», I'. EkaTepuHOypr

[Tpuem crareit s myonukanuu: 1o 1 mapra 2019 r.

JlaTa u3gaHus U pacchlIKu cOOpHHKA 00 nTorax koHdepenuuu: no 1 anpemns 2019 r.

Anpeas 2019 r.

VI MexnyHapoaHasi Hay4HO-TIPaKTHYecKask KOHpepeHIus «AKTyaJbHbIe PO0JieMbl U
AOCTHKEHUS B €CTECTBEHHBIX M MaTEeMATHYEeCKHX Haykax», r. Camapa
ITpuem crareit g nyonukanuu: o 1 anpens 2019 r.

Jlata u3aHus ¥ pacchliku cOOpHUKa 00 urorax koHdpepenuuu: 1o 1 mas 2019 r.

Maii 2019 r.

VI MexayHapoHas HaydHO-TIPAaKTHUeCKass KOHPEepeHINs «AKTYaJIbHbIEe BONMPOCHI U
NMePCHeKTUBbI PA3BUTHA MAaTEMATHYECKHUX M €CTECTBEHHBIX HAYK», I'. OMCK
[Tpuem crateit ns myonukanuu: 10 1 mas 2019 r.

Jlata u3aaHus ¥ paccblUlku cOOpHUKa 00 urtorax koHpepeHuuu: a0 1 utons 2019 r.

Hrwoun 2019 1.

VI MexnyHapoaHasi HaydHO-mpakTiHyeckas kKonpepenius «CoBpeMeHHbIe MP00JeMbl
MAaTEeMATHYECKHUX M eCTeCTBEHHBIX HAYK B Mupe», r. Kazanb
[Tpuem crareit g ny6nukanuu: 1o 1 urons 2019 r.

Jlata u3anus ¥ pacchliku cOOpHUKa 00 urorax koHdpepenuuu: o 1 urons 2019 r.

Hrwan 2019 1.

VI MexnyHapoaHas HaydHO-IipakTH4eckas koHpepenuus «O Bompocax u npoodjaemax
COBPEMEHHbIX MATEMATHYECKHUX U €CTeCTBEHHBIX HAYK», I'. UeJIA0nHCK
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[Tpuem crateit qisa nyonukanuu: 10 1 urons 2019 r.
Jlata u3aHus ¥ pacchliku cOOpHUKa 00 urorax KoHdpepenuuu: 1o 1 aBrycra 2019 r.

Asryer 2019 r.

VI MexnyHapoaHas HayuyHo-Tipaktudeckas KoHgpepeHuus «MHpopManuoHHbIE
TEeXHOJIOTUHM €CTECTBEHHbIX 1 MATEMATHYEeCKUX HAyK», I'. PocToB-Ha-/[oHYy
[Tpuem crareit g my6nukanuu: 1o 1 aBrycra 2019 r.

Jlata u3ganus 1 pacchliku cOOpHUKa 00 nrorax koHdpepenuuu: 10 1 centsops 2019 r.

Centsi0pb 2019 1.

VI MexayHapoaHas HaydHO-TipakTHueckas KoHpepenuus «EcTecTBeHHBIE U
MaTeMaTH4YeCKHe HAYKH B COBPEMEHHOM Mupe», I. Ypa

[Ipuem crateit qisa nyonukanuu: 10 1 centsaops 2019 r.

JlaTa u3gaHus U pacchlIkKu cOOpHHKA 00 nTorax koHdepenuuu: 10 1 oktsaops 2019 r.

OxTsa0ps 2019 r.

VI MexayHapoaHas Hay4HO-TIpakTHueckas KoHpepeHuuss «(OCHOBHbIE MPO0OJIeMbl
€CTeCTBEHHBIX 1 MaTeMaTHYeCKUX HAyK», I'. Boarorpaja

[Tpuem crareit s ny6nukanuu: 10 1 oktsaops 2019 r.

Jlata u3gaHus 1 pacchbUTku cOOpHUKa 00 urorax koHpepeHuuu: 10 1 HosOps 2019 r.

Hosiops 2019 r.

VI MexnynaponHas HaydHO-TIpakTHyeckas kKoH¢pepenuus «EcTecTBeHHbIE U
MaTeMaTH4YeCKHe HAYKU: BONPOCHI M TEHACHUH pa3BuTHS», I'. KpacHosipck

[Tpuem crareit s ny6nukanuu: 1o 1 Hosiops 2019 r.

Jlata u3MaHus M pacchlUTku cOOpHUKa 00 nrorax kKoH(peperuuu: 1o 1 gekadps 2019 r.

Jlekaops 2019 r.

VI MexnyHnapoaHas HayuHo-nipakTudeckas kondepenius «llepcnekTuBbl pa3BuTus
COBPEMEHHbIX MATEMATHYECKHUX M €CTeCTBEHHBIX HAYK», I'. BopoHex
[Tpuem crateit nns myonukaruu: 1o 1 gexabps 2019 r.
Jlata u3aHus ¥ pacchlUIku cOOpHUKa 00 utorax koHdepenuuu: 1o 1 ssaaps 2020 r.

C oOosee moapoOHOM wWHpOpMamued 0 MEKIYHAPOIHBIX HAYYHO-NPAKTHYECKHUX
KOH(epeHUUsIX MOKHO 03HAKOMUThCH Ha ouuuajibHOM caiite IHHOBALIMOHHOIO LIEHTPA
pa3BuTHs  o0Opa3oBaHWs W HayKHm WWww.izron.ru (pa3mea «EcTrecTBeHHBIE W
MaTeMaTH4YeCKHe HAYKH»).
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EcTrecTBeHHBIE 1 MaTeMAaTHYECKHE HAYKH:
BOIIPOCHI U TCHACHIIUH PAa3BUTUA

Boinyck VI

COopHHMK HAYYHBIX TPYAOB 110 HTOT'aM
MEKIYHAPOAHOH HAYYHO-TIPAKTHYECKOH KOH(pepeHIun
(11 Hosiops 2019 1.)

r. Kpacnosipck
2019 .
IleuaTaercsa B aBTopCKOﬁ peaakunun

KomnbrotepHast BepcTka aBTopcKast

W3narens HHOBalmoHHBIN LIEHTp pa3BuTHsI oOpazoBanus U Hayku (MLIPOH),
603086, r. Hwkuuit HoBropoa, yin. Mypamkunckas, 1. 7.

IMoamucano B meuars10.11.2019.
dopmar 60x90/16. Bymara odcernas. Ve neu. i1.3,8.
Tupax 250 5k3. 3aka3 Ne 117.

Otneuarano no 3akasy UIIPOH B OOO «Apean»
603000, r. Hmxnaui Hosropon, yn. Crynenas, 1. 58.
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