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K. AngueloiJ - Upon Propagation of Ultrasonic W'atJes irt Isotropic and Anisotropic Clays with 
Various Types of Structural Bonds. The paper presents new data on the acoustics of ultra­
sonic waves in clays of various microstructure and type of structural bonds. The results 
obtained show t hat in clays with high degree of orientation of clay minerals and same com­
position of clay fraction the anisotropic propagation of clastic waves depends on the type 
of structural bonds. In the presence of transitional contacts and hydrophobic organic sub­
stance in the microstructure of layered clays the propagation rate of ultrasonic waves paral­
lel to the layering is larger than that perpendicular to the layering.In clays with high 
degree of orientation of clay minerals but with hydrophilic organic substance and close 
coagulation contacts the propagation o ultrasonic waves is isotropic. 

YI3BeCTHO e , '-le B'bpxy p a3npocTpaHeHHeTO Ha yJITpa3BYKOBHTe B'bJIHH B fJHIHeCTH 
cKaJIH H cTpoHTeJIH H no'-IBH oKa3BaT BJIHSlHHe pe.D.Hua ¢aKropu. F r a n k I i n 
& Mattson (1972) ycTaHoBSJBaT, tJe cKopocTHTe Ha pa3npocTpaHeHHe Ha 

YJITp33ByKOBHTe B'bJIHH B pa3~HlJHH noCOKH no OTHOWeHHe Ha HanJiaCTSlBaHeTO 

ca pa3JIH'IHH. K a n H H '" H a (1959) H3CJie.D.Ba BJIHSlHHeTO ua BO.ll.HOTo CoJl.op>Ka­
HHe B fJIHHHTe B'bpxy aHH30TpOnHOTO pa3npocTpaHeHHe Ha C'bmHTe B'bJIHH B 

o6pa3UH coc cnoHcTa reKcrypa. CaMHHT MexaHH3'bM Ha HBJieHHeTo aHH30Tpon­
HOCT B pa3npOCTpaHeHHeTO Ha ynrpa3ByKOBHTe B'bJIHH e pa3fJie,ll.aH no-nO,ll.p06HO 
OT Co K on o s (1975). Ha 6a3aTa Ha ronHMO KOJIHtJeCTBO eKcnepHMeHTH B'bpxy 

MOHOMHHepaJIHH fJIHHeCTH naCTH C OpHeHTHpaHa H HeOpHeHTHpaHa MHKpOTeK­
CTypa TOH ycraHOBHBa , tJe xapaKTep'bT Ha H3MeHeHHeTO Jla CKOpOCTHTe Ha ynTpa-

3BYKOBHTe B'bJIHH e THCHO CB'bp 3aH C OpHeHT3UrlS1Ta Ha anH30MeTpH'IHHTe fJIH · 
HeCTH liiHHepanH, THna na CTPY KTypHHTe sp'b3KH Me>K.D.Y TSJX 11 a no-ManKa crc­
neH 33BHCH OT OpHeHT3UHSlTa 113 nOpOBOTO npOCTp311CTBO . 

B Ta3H HacoKa 6.stxa H3Cne.D.saHH ecTecTseHH r nuHecTH pa3HOBH.ll.HOCTH c 
pa3JIHlJHII $H3HKOMeXaHHlJHH noKa3aTeJIH H THOOBe CTpyKT)'pHH Bp'b3KH (ra6JI. 1). 
06pa3U.HTe ca B3eTH OT COH,ll.3>KH, npoKapaHH B OCHOBIITe Ha .llBa fOJieMH CTpOH­

TeJIHH o6eKTa - xH.nporexHHtJecKHH KOllmneKc , H IIKonon - T ypHy M1>rypene" 
H ,Acnapyxoa li!OCT" Kpaii Bapua. OcseH THX 6SJxa 113CJie.D.saHH o6pa3U.11,1B3eTH 

or 3a6oH Ha OTKpHTHSl PY.llHHK , TpoSlHOBO - I " s Y13TOlJHOMapuwKHH KaMeHo­
B'brJieH 6aceiiH. EcrecrseHoTo HM BO.ll.HO co.D.'bp>KaHHC e 3ana3eHo t~pe3 napa-
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Ta6 JI KDa 1 

r ..... ecTn pnHoa}l.l"ocT• 
<I>II JHKOMU IH 11~11 11 OOKISITeJIII CKopocTK Ma y .aTpa-

npt06JIUUI UUt loiiiHtpuu ; npt06.11UUllltM SBYKOIHTt l'b.tllll .L 
npHloltCII TJIOOBe KO"TaKTM Cp . V Vp 

(no 0 c 11 no a, 1976) 

I 
Ka= u 

W '!. I u, I o s I Re, 
y .L vii vP 

• • g{cm• ~~c~• MPa p, p, 
m j s m{s 

Mepre.nHil rnHBM I XHJ1pOCJJIOJ1H ; Kap6oHarH 1 15,5 2,20 , 2,72 2,20 cp33011H 0,46 1567 1571 ,::,s1 
(20-25 'to) 

I I I 

)i{1>JIT03eJJeHH TDHKO· 1 64,0 1,55 2,45 
I I 

0,90 
I 

1315 1672 I 0,78 WO. TNOpHIIOHHT -- XH· 0,96 j npexoAHH (ro'IKOI H) I 
CJIQeCTH f IIMHH .lpOCJIIOJ13 ; 6HTYWOHJ1H 

I I I 

TowHoseneHH cnoecrH 157,2 11,61 I I I 0,96 NOHTMOpHJIOHHT -- XH· 2,47 0,65 npexoAHH (ro'IKOBH)I 0,89 1338 1454 
rnHRH J1p0CIIIOJ13 

I I 

Clti O'IepaH rnHHH I WOHTWOpHJJOHHT - X H.llp0- 1 I 6JIH3KH I I C/110.113; XJMHH OBH KH-1 50,3 1,69 2,60 0,39 K08fYII3UIIOHBH 0,83 1312 1286 1,02 

J cenHHH I I 
I 

THBH I MOHTWOpHJIOHHT - XII· J13Jie'IHH 
.11POCJIIOJ13 67,6 1,65 2,70 0,63 KoarynauHOHHH 0,65 1421 1416 ,::,s1 

Osnaqenu• 111 ~113HkONtii iiii'IHifTt nOklllTeAII: W- ecTtCTBtBO a o.aH o C'b.l'bplUIIIIt ; C! - OA'bTHOCT ; "s- c ncu•~•~Ha llJI'bTHOCT ; R t - IJCOCT 118 e.tBOOCtH IIATIICK. 
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QlHHupane sc.n.Hara cJJeJl. s3e111auero. B cHttKH o6pa3U.H ca BOJl.OHacureHII 11 r.1orar 
;ta ce C'II1Tar 3a .u.sy<jl~3Hii CHCTel\IH. CKopocTHTe Ha pa3npocrpaueu11e Ha ynrpa-
3B)"KOBIITe B1>JIHH 651xa Ollpe}l.eneuu Ha ycraHOBKa YK6-IM Bbpxy o6pa3U.H 
c pa31\1epu 4 x 4 X 3,5 ern, H3pS!33HII nepneH.D.HK)'JJS!pHo 11 ycnope.n.no Ha CJJOH­
CTOCTTa. n onytteHHTe }l.aHHH 3a CKOpOCTHTe ca o6pa6oremt CTaTIICTHqecKii II ca 
onpepeneHH cpe.n.Hine HM 3Ha4eHHS! s .n.se HanpasneiiHS!. 3a .n.a ce H3cne.n.sa 
BJIHS!HiieTO Ha MHKpoTeKCT)'piiHTe OC06eHOCTH Ha o6pa3U.HTe BbpXy aHH30TpOn­
HOTO p a3npOCTpaHeHHe Ha )'JITpa3By KOBHTe BbJIHH, CTO(IIIOCTHTe H3 KOecpHU.HeHTa 
!Ia 3111130TpOnHOCT (KY = V .l./VII - OTHOllleHHe Ha CKOpOCTHTe H3 pa3npocrpa-

a P P 
lleHue Ha H8JlJib.>KHHTe BbJIIiH nepneH.D.HK)'JIS!pHO (V;) H yenope}l.HO (V~1 ) Ha 

Hannac1f!BaHero) ca CbnocraaeiiH cbc creneHra Ha opHeHT3U.IHI Ha rJTHHecrHTe 
r.nmepanH (Cp, no K o T n o n, 1975). OcseH rosa Bbpxy 113CJJe.n.oaHJne o6pa3u.H 
ca npaeeHH MHKpOTeKCT)'piiH H36JIIO)I.eHiiS! Ha CK3HHpaw. 1\IIIKpOCKOn (THn ,Coa· 
tes-Welter"), no.n.rorseHH no cneu.HaJIHa r.IeTO.D.HKa (0 c 11 nos, 1974). Onpe­
;teJTS!IIero Ha Tllna Ha KOHT3KTIITe e 113BbpllleHO no )1.3111111Te OT cp113HKOl\leXa HHtt· 
HHTe H3cne.n.saHH51 (ra6n. I) 11 MIIKporeKcrypHHTe 11a6mo.nenHS! (ra6n. I H I I) 
cnope.n. KJI3CIIQlHKaU.JIS!T3 113 0 C H n 0 B (1976). J\\IIHCp3.'1HI1S!T CbCTaB H3 fJTH· 
Hecrara cppaKU.IIS! 11 Cb.D.opn<auuero Ha pa3nHttHH1e rpyn11 opra1111ttHH sew.ecraa 
Ca 113CJJe)I.B3HH no ycTaHoBeHII MeTOJI.IIKH (A H r C JJ 0 B, 1978) . 

B MepreJJHHTe fJIHHH OT OCIIOB3Ta Ha XH.ll.pOTeXHHlleCK~HI KOMnJieKC ,HHKO· 
non - TypHy Mbrypene" , KOHTO HlllaT cpa3oBH J<OHTaKTH r.Je>KJl.Y MHKpo4aCTH­
U.11Te (ra6n. I - I, 11 I f) , ue ce ua6mo.nasa opHeuraullst ua H3rpa>K.D.8W.11Te rH 
MHKpoene~JeHTH (Cp = 0,46). Pa3npocrpaHeHHero ua ynrpa3B)IKOBHTe BbJJHH s 
TS!X e H30TpOnHO (K~ ~ J - Ta6JI. 1). CJie.D.OBaTCJIHO HeOplleHTHpaHaTa MHKpO-

TeKCTypa Ha CbW.IfTe o6pa3U.H onpe}l.eJJS! 11 H30TpOnHOCTTa H~l no OTHOllleHHe Ha 
aKyCTHKaTa Ha )'11Tpa3B)'KOBHTe BbJIHI1. 

Haii-cHJIHO aHH30TponHocTTa ua cKopocTHTe Ha HaJl.JJb>KHHTe Bb.IIHH (K~ 
= 0, 78 - Ta6n. J) e H3pa3eHa B TbHKOCJIOHHHTe .>KbJIT03eJJeHH fJIHHH OT Me.>K.lly­
nJJaCTHeTO Ha H3TOttHoMapHlliKIISJ 6acei1H- py.D.HHK ,TpoS!HOBo- I" (Ta6n. I -
2). Te3H rJJHHH HMaT H Haii-BHCOK Koe<jlHU.HeHr Ha opHettTHpaHocr Ha rJJHHeCTHTe 
MHHepanH (Cp = 0,9). CKopocTTa Ha pasnpocTpaHeHHe Ha ua.n.JJb>KHHTe BbJJHW 
ycnope,nHo Ha HannacTS!BaHeTo e 3HattHTeJJHo no-ronstMa OT cKopocTTa Ha pa3-
npocrpaHeHHe nepneH.D.HK)'JJS!pHo Ha HannacrS!saHero (ra6n. 1). Tosa HsJJeHHe 
OtteBHJlHO e CBbp3aHO C OC06eHOCTHTe B MHKpOCTpOe.>Ka Ha Te3H fJII1HH, KOHTO 
HMaT npeXO}l.HH KOHTaKTH Me>t<.D.y tt8CTHU.HTe. 0T MHKpOCKOOCKHTe Ha6JIIO)I.eHH.Il 
npH roneMH yaenHtteHHS! (X 50 000) e ycraHoseHo, tte ua 6a3aJJHHTe noaopxHo­
CTH Ha fJIHHeCTHTe MIIHepaJJH ca Ce OTJTO>KHJIH XH)I.pocpo6HH opraHHttHH BeW.eCT· 
sa - 6HT)'MOH.li.H (Ta6n. II). Te311 CbeJl.HHeHHH, or eAHa CTpaHa, ca cpopMHpanu 
Jl.OnbJIHHTeJIHH CTp)'KT)'pHH Bp'b3KH Me>K}l.)' qacTHIJ.HTe, a, OT Jl.pyra, ca o6ycno­
BHJIH nO·fOJJeMH pa3CTOSIHH51 Me>K)I.)' 6a38JlHHTe nOBbpXHOCTH Ha fJJHHeCTHTe 
MHHepaJIH no cpasHeHHe C pa3CTOS!H HS!Ta Me>K.ll.)' pb60BeTe lll\1. npH npeMHHa­
BaHe Ha ynrpassyKoBHTe B'bJJHH ycnope.llHO Ha HannacTS!BaHeTo Cblll.HTe ce pa3-
npocTpaHS!BaT no fJIHHeCTHTe ttaCTHU.H H TeXHHTe npeXO)I.HH KOHTaKTH CbC cpe}l.Ha 

TABJII1U.A I 

I. Mepre.nHH rnHHH OT OCHOBaTa Ha XTI< ,.HHKonon - Typ11y M'brypene, X 3000. 
2. )i('bnTo3eneult rnHHII, PYJJ.HHK ,TpOSIHOBo- 1", X5000. 
3. T'bMH03ene»H rnHHB, PYJJ.RHK .,TpOHHOBO - I", X 5000. 
4. CltBO'IepHH rnnHII, PYJJ.HIIK "TpOSIHOBO - I", X 5000. 
5. THIIII OT OCHOB8T8 88 .,AcnapyXOB MOCT", X 5000. 
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ONHU 

TA6JlHUA II 

TAB JHIUA II 

1.507 

lcAUW~~Af<~~<~~.,~ 

~t~i}pam.¥u oiMudK~ 

IS?/ 

Pa3npocTpafteHue Ha y;JTpaJayKOotrrc D'bJIIIH n H3CJJeAniliiHTC I'JJIIIII1 c pa3JJH'tHH THnoae 
C'rpyKTypn~t Bpb3KH. 



cKopocr 1672 m / so B nepneHJJ.HKYJIHpHo HanpasneHHe enacn!llHHTe BbJIHH npe­

MHHasar npe3 rJIHHeCTHTe MHHepaJIH H XHJJ.po¢o6HHTe opr3HHl!HH sew.ecraa, 

KOeTO onpe.neJIH H flO·HHCKHTe HM CKOpOCTH Ha pa3npOCTpaHeHHe (Vt = 1315 m /s)o 

0o.no6H3 33BHCHMOCT Me)f(JJ.y KOe<fJHUHeHT3 H3 3HH30TpOnHOCT Ha yntp33BY· 

I<OBHTe BbJIHH (K~) H KOe<fJHUHeHTa Ha opHeHT3UH51 Ha fJII1HeCTHTe MHHepaJIH 

(Cp) Ce Ha6mo.nasa H B TbMH03eJieHHTe CJIOeCTH fJIHHH (Ta6JI .. l - 3), KOHTO HM3T 

Cblli.O npeXOJJ.HH KOHT3KTH, 110 TH e MHOfO no-cJia6o H3pa3eHa (K~ =0,96)0 B 
Te3H llJIHOUeHCKH fJIIiHH opr3HHl!HHTe BeW.eCTBa C3 B He3H3llHTeJIHH KOJ!HlleCTBa. 

CKopocTTa H3 pa3npocTpaHeHHe ua ynrpa3B)'KOBHTe BbJIHH ycn,ope.u.Ho H3 Ha­

n.l13CTHB3HeTo C flOl!TII p3Bi!3 H3 CKOpOCTT3 nepneHJJ.HKYJI HpHO H3 H3flJI3CTH· 

saHeTO (ra6JI 0 1) 0 Ot~eEHJJ.HO pa3CTOHHHHTa Me*.ny 6a3aJIHHTe nosopXHOCTH Ha 

r rmllleCTHTe MI1HepaJIH H pa3CTOHHHHT3 Me)f(JJ.Y po60BeTe H3 CbW.HTe ca npH6JIH3H· 

TeJIHO e,!J,H3KBH nop3JJ.H BHCOK3T3 Hl\1 eCTeCTBeHa BJI3)f{HOCT (W = 57,2% - Ta6JI. 

1 ). ETo 3aw.o aHH3orponHOCTT3 H3 3KYCTHKaTa Ha yJirpa3BYKOBHTe BbJIHH e 

CJI360 H3pa3eHa (Kd =0,96)0 Te3H p e3yJIT3TH CbBfl3JJ.3T C H3CJieJJ.B3HHHT3 H3 

K a .11 H II H H a (1957) H C 0 K 0 JI 0 B (1975), KOHTO fl0K33B3T, l!e npH yBeJIH· 

lJeHHe H3 BJI3>J<HOCTT3 B CJIOHCTII l'JIHHH 3HH30TpOriHOTO p33npOCTp3HeHHe Ha 

yJitp33BYKOBHTe BbJIHH e H3p33eHo no-cna6o o 

B cnsol!epHHTe rmiHH c 6JIH3KH K03ryJI3UHOHHH KOHT3KTH or Me*.u.ynJI3-

CTHeTo H3 PYJJ.HHK , TpoHHOBO- I" (ra6.no I - 4) 3HH30TponHOCT B p33npocrp3-

HeHHeTo na CbW.HTe BbJIHH He ce H36JIJOJJ.3Ba ( K'd = 1 ,02- Ta6.n 0 1) ne33BHCHMO 

OT BIICOK3T3 CTeneH Ha opHeHT3UHH H3 rmiHeCTIITe MHHepaJIH (Cp = 0,83) H fiO­

HHCKOTO BOJJ.HO CbJJ.bp)f{3HHe OT C.lJOeCn!Te p33HOBHJJ.HOCTH . MO)f{e ,l\3 ce npeJJ.­

riOJI3ra, lie BbpXy Te3H CBOi:fcTB3 CbW.eCTBeHO BJIH.HHHe OK33B3T XIIJJ.pO<fJHJIHHTe 

Opf3HH4HH X)'MI1HOBI1 KHCeJIHHH, KOHTO He C3 fl03 BOJIHJIH .[\3 ce <IJopMHp3T HeiTO­

cpeJJ.CTBeHH KOHT3KTH Me>KJJ.Y rJII1HecTI1Te MHHep3JIH . Te crroco6crsysar 3a ¢op­

r.mp3Hero H3 .ne6eJIH X11Ap3TIIll CJIOeBe OKOJIO fJIHHeCTJo!Te 43CT11UH, KOHTO OT 

CBOH CTp3Ha npose>K,l\31' H30TponHO yJITp33BYKOBHTe BbJIHH. 

Te3H aHH30tponHH H H30tponHI1 csoiicTB3 B aKyCTHK3T3 H3 ynrpa3s y Ko­

BHTe BbJIHH 6HX3 MOfJII1 JJ.a Ce H3ITOJI3YB3T no-cneUH3JIHO B npoyqsaHeTO H3 HH­

>KeHepHOfeOJIO)f{KHTe yCJIOBHH Ha orKpHTHTe PYAHHUH B H3TOl!HoMapHwKJUI 6a­

cei1H . H3BeCTHO e, lie OCHOBH3T3 CBJI3l!11W.H3 30H3 Ce <fJopMHp3 B CHB04epHHTe 

fJIHHH OT Me>KAYflJI3CTHeTO H HeHHOTO TOl!HO <fJHKCHpaHe H3 HH>KeHepreOJIO)f{­

KHTe npo<fJHJIH 11M3 CbW.eCTBeHO 3H3lJeHHe rrp11 onpe,l\eJIHHe H3 CHJIHTe 3a 113411-

CJI.HBaHe Ha ycroiilii1BOCTTa H3 OTKOCHTe s OTKPHTI1Te py.IJ.HI1I.I,I1o AKo CbW.3T3 aHI1-

30tponHocr H H30TpODHOCT Ha e.IJ3CTHl!HHTe BbJIHH 6b,l\e fJOTBbp,l\eHa H B fJOJieBH 

ycJioBHH, rorasa MO>Ke TOlJHO .u.a ce npocJieAHBa 33JIHr3HeTo Ha 3HH3orponHHTe 

CJIOeCTH fJJHHH H H30TpOnHHTe CHBOl!epHH fJIHHH, Toe. Bb3MO>KH3Ta CBJJalJHW.Ha 

30H3 . OcseH TOB3 no.TJeBHTe H3MepB3HHH H3 cKopocTHTe Ha enact11l!HHTe B'bJIHH 

npe3 onpeAeJieHH nepHOJJ.H or speMe MOf3T A3 HH rrocJiy)I{3T 33 Kocsena oi.I,eHKa 

H3 BO,[\HOTO Cb.l\bp>KaHHe B MaCHB3, KOeTO e OT C'bW.eCTBeHO 3H3lJeHHe 3a C'bCT3-

BflHeTO H3 nporH03a 3a ycTOHl!HBOCT H3 6opAOBeTe. 

H3otponHocr Ha yJitp33BYKOBHTe BbJJHH ce H36JIIOJJ.3B3 H B THHHTe c A3JielJHH 

K03f)'JI3I.I,HOHHH KOHT3KTH OT OCHOBaTa Ha ,AcnapyxoB MOCT" (ta6JI. I - 5). 
Ot~eBHAHO no-roneMHTe pa3CTOHHHH r.Ie>KAY qacTHI.I,Hte, KOHTO ce cpopMHpar or 

Te3H KOHT3KTH, o6ycJiaBH H30TpOnHOTO p33DpOCTp3HeHHe H3 T3KHB3 BbJIHH. 

K3TO ce 3H3JJI!3Hpar noJiyl!eHHTe pe3yJJT3TH, Morar Aa ce H3np3BHT HHKOH 

H3BO,l\H: 

I. B rJIHHHTe c K03rynai.I,HOHHH 11 ¢a30BH KOHT3KTH ce Ha6JIJOAaB3 H30-

TponHo pa3npocrp3HeHHe H3 yntp33ByKoBHTe B'bJJHH, Koero ce o6ycn3Bfl or 
BO,[\HHTe CJJOeBe Me>KAY 43CTHUHTe (B THHHTe H CHB04epHHTe fJIHHH) H OT He­

op HeHTHpaHaTa MHKpOTeKctypa (B MepreJJHHTe fJIHHH) . 
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2. XwJJ.po¢o6HHTe. 6HTYl\IOHJlH a >Kb.'ITOJe.neHHTe rJJHHJJ OT p yJJ.HHK ,.Tpo51-

Hoao- I" ca ce OTJJO>KHJJH Ha 6aJaJJHHTe noabpXHOCTH Ha rJJHHecnne liiHHepanw, 

KOHTO HiV!aT BHCOKa CTeneH Ha OpHeHTaUHH. Te ca <jx>pMHpa.'HI )lODbJIHHTeJII-iH 

CTPYKTYPIHI apb3KH 11 cbw.eapeMeHHO ca yseJJHtJHJJH pa3CTOHHHHTa Me>KJJ.Y q a­

CTHUHTe ycnope)I.HO Ha HannacTHBaHeTO, KOeTO OT CBOH CTpaHa onpe)leJJH DOBH· 

WeHaTa · aHH30TpOnHOCT B aKyCTHKaTa Ha )"JITpa3ByKOBHTe BbJJHH. 

3. XHJJ.poqmJJHHTe BeW.eCTBa B CHBOtJepHHTe fJJHHJI OT CBJJatJHLUHaTa 30Ha 

He D03BOJJHBaT 06pa3yBaHeTO Ha HenocpeJJ.CTBeHH KOHTaKTH Me>KJJ.Y I'JlHHeCTHTe 

MHHepaJnt 11 6.lJaro.napeHHe Ha THX ynTpaJsyKOBHTe Bbii!HH ce pa3npoCTpaHHBaT 

li30Tp0ntt0 He33BHCHMO OT BHCOKaTa OpHeHntpaHOCT Ha MHKpOTeKCTypaTa. 

Te3H 113CJJe)lsaHHH noKaJsaT, tJe pa3npocTpaHeHueTo Ha yJnpa3s y KosuTe 

BbJJHH B fJJHHH c e.nHaKbB cbcTas 11 CTPYKTYPHO-TeKCTYPHH oco6eHOCTH 3aswc11 

npe.nH BCHtJKo oT CTPYKTYPHHTe spb3KH Mem.uy tJaCTHUHTe HM . B yc.llOBHHTa Ha 

YI3TOtJHOMapHWKHH 6acef!H aKycTHKaTa Ha )'JJTpa3syKOBHTe BbJJHH 611 ~lOrna 
.ua ce H3nOJI3y sa npH oueHKaTa Ha HH>KeHepHoreonomKHTe ycnos~JH Ha OTKPH· 

HTe pyJJHHUH. 
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